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PREFACE. 


This  book  is  intended  as  the  first  of  a  series  of  hand-books 
of  local  geology,  which  treat  the  subject  with  special  I'eference 
to  the  needs  of  the  student.  The  advantage  of  beginning  the 
study  of  geology  with  the  special  consideration  of  a  selected 
field,  instead  of  the  general  text-book  study,  must  be 
apparent,  even  though  it  seems  like  a  complete  inversion  of 
the  normal  order  of  procedure. 

In  order  that  the  student  who  comes  to  the  field  without 
a  preliminary  training  in  geology  may  take  up  the  subject 
intelligently,  the  first  portion  of  the  introductory  chapter  of 
Part  I.  is  devoted  to  a  brief  consideration  of  the  elementary 
geological  principles  involved  in  the  structure  of  the  region 
under  consideration.  Hence  no  apology  is  needed  for  the 
introduction  of  such  matters  here.  In  chapters  one  and  two 
the  eight  sections  of  the  most  important  portion  of  the 
gorge  of  Eighteen  Mile  Creek  and  those  of  the  Lake  Shore, 
are  considered  in  detail.  Lists  of  fossils  found  in  the  various 
beds  are  not  given,  but  such  lists  will  be  found  in  the 
author's  paper  on  the  **  Faunas  of  the  Hamilton  Group  of 
Eighteen  Mile  Creek  and  Vicinity.***  As  far  as  this  guide 
treats  of  the  Hamilton  group,  it  is  based  directly  on  that 
paper,  and  constant  references  are  made  to  it  in  the  text. 

In  chapter  three  of  Part  I.,  an  attempt  is  made  to  present 
in  ])opular  form  the  succession  of  geological  events  in  this 
region,  as  revealed  in  the  sections  described  in  the  earlier 
chai)ters. 

•16th  Ann.  Kept.  N.  Y.  State  Geologist  for  1H96,  Albany  1K98  (in  prc88).     Thi« 
paper  has  prccecience  over  the  present  one  in  date  of  communication. 


"nCyl 


Part  II.  may  be  considered  an  elementar^^  text  book  of  the 
Palaeontology  of  this  region,  as  described  in  Part  I.  The 
introductory  chapter  treats  of  the  general  principles  of 
Palaeontolog}',  and  discusses  the  methods  of  fossilization. 
Chapter  I.  is  devoted  to  the  methods  of  collecting  fossils 
from  the  beds  of  this  region,  and  preparing  them  for  study. 
Chapter  II.  treats  of  the  fossils  themselves.  A  brief  descrip- 
tion of  the  structural  characters  of  each  class  precedes  the 
discussion  of  the  genera  and  species  in  that  class.  The 
generic  descriptions  are  given  with  some  detail,  but  under 
the  species,  only  the  leading  features  are  mentioned,  these, 
together  with  the  illustrations,  being  intended  chiefly  as  aids 
in  the  identification  of  the  species.  References  to  the  most 
important  works  are  given,  and  these  should  be  consulted 
as  much  as  possible.  The  magnificent  volumes  of  the 
Palaeontology  of  New  York,  contained  in  all  the  larger 
libraries,  are  of  special  importance  to  the  advanced  student, 
and  the  descriptions  and  illustrations  there  given,  deserve 
the  most  careful  study.  The  species  considered  are  those 
which  have  been  collected  by  the  author,  and  those  which 
have  been  previously  described  as  coming  from  the  Eighteen 
Mile  Creek  or  Lake  Shore  region.  A  few  descriptions  have 
been  introduced,  of  species  recorded  from  Erie  County  only, 
but  the  association  of  which  led  to  the  inference  that 
they  belonged  somewhere  in  the  beds  described  in  Part  I.* 
While  all  the  species,  which  have  so  far  come  under  the 
author's  notice  as  found  in  the  beds  discussed,  have  been 
included,  no  pretension  of  completeness  is  made.  It  remains 
for  the  local  student  to  discover  new  forms  for  this  region, 
and  to  find  new  associations  for  those  here  described. 

The  plant  remains  from  this  region  are  not  described,  as 
the  material  obtained  is  ver}-  unsatisfactory,  with  the  excep- 
tion of  the  spores,  which  are  discussed  on  pages  15  and  16, 
of  Part  I. 

The  etymology  of  the  generic  names  is,  in  almost  all  cases, 
taken  directlv  from  S.  A.  Miller's  admirable  reference  book: 
**  North  American  Geology  and  Palaeontology.'' 


A  number  of  si^ecies  included  in  Chapter  II.  have  never 
been  described  in  print,  but  have  simply  been  illustrated  in 
the  **  Illustrations  of  Devonian  Fossils/*  published  in  the 
Palaeontology  of  New  York  series.  In  the  case  of  these  species, 
the  descriptions  here  given  were  made  up  from  the  illustra- 
tions and  explanations  of  the  plates  of  the  above  book. 

The  localities  given  for  the  fossils  are  those  described  in 
Part  I.  Fossils  quoted  from  West  Hamburgh  and  Ham- 
burgh-on-the-Lake  probably  come  from  Avery's  Creek. 

Chapter  III.  deals  with  the  problems  of  the  distribution 
and  migration  of  marine  invertebrates,  and  in  Chapter  IV. 
a  glossary  of  Palaeontological  terms  is  given.  The  list  of 
reference  works  of  both  general  and  special  character  is 
added  in  the  hoi:)e,  that  it  may  meet  the  demand  of  many 
who  wish  to  extend  their  study  beyond  what  is  given  in  the 
succeeding  pages. 

I  wish  in  this  place  to  acknowledge  my  indebtedness  to 
numerous  friends  for  aid  received  in  the  preparation  of  this 
guide.  In  the  field-work,  I  have  had  the  constant  and  able 
assistance  of  my  brother,  Mr.  P.  L.  Grabau.  For  special 
courtesies  received  in  the  field  I  am  under  obligation,  among 
others,  to  Mr.  A.J.  Hutchinson  and  family  of  North  Evans, 
to  Dr.  F.  W.  Ilinckel  of  Athol  Springs,  and  to  Mr.  Truman 
G.  Avery  of  Hamburgh-on-the-Lake.  In  the  preparation  of 
the  drawings  for  Part  II.,  I  have  received  the  very  able 
avssistancc  of  Mr.  John  A.  Hutchinson,  who  made  j^en  and 
ink  copies  of  all  the  gastropods  and  cephalopods,  besides 
numerous  other  forms.  Acknowledgements  for  assistance  in 
this  i)art  of  the  work  are  also  due  Mr.  I.  C.  Hanscom,  Miss 
A.  I).  Savage  and  Miss  K.  B.  Wentworth.  Unless  otherwise 
stated,  the  figures  of  Part  II.  are  reproduced,  either  directly 
or  ])y  drawings  from  the  volumes  of  the  Pateontologj'  of 
New  York,  through  the  courtesy  of  the  officers  of  that 
survey.  The  use  of  the  plates  for  the  figures  in  the  intro- 
duction of  Part  I.  was  courteously  granted  by  the  Massa- 
chusetts Institute  of  Technology. 


For  criticisms,  while  the  work  was  passing  through  the 
press,  my  thanks  are  due  to  Professor  W.  O.  Crosby  and  to 
Dr.  R.  T.Jackson.  To  Professor  Irving  P.  Bishop  of  Buffalo, 
special  acknowledgements  are  due  for  the  care  and  labor  he 
has  gratuitously  given  to  the  preparation  of  the  photo- 
graphs from  which  the  full  page  plates  of  Part  I.  are  made. 
Finally,  to  Dr.  Lee  H.  Smith  and  the  other  members  of  the 
publication  committee,  my  thanks  are  due  for  the  liberality 
which  they  have  shown  in  the  number  and  character  of  the 
illustrations. 

In  conclusion  it  should  be  mentioned  that  a  portion  of 
this  paper  was  prepared  during  the  author's  connection 
with  the  Massachusetts  Institute  of  Technology,  and  that  a 
series  of  the  fossils  described  in  Part  II.,  is  contained  in  the 
collection  of  that  institution.  Another  series  is.  to  be  found 
in  the  collections  of  the  Buffalo  Society  of  Natural  Sciences. 
Other  specimens,  from  which  illustrations  and  descriptions 
were  prepared,  are  contained  in  the  Student  Palaeontolo- 
gical  collection  at  Harvard  University.  The  types  of  the 
new  species,  unless  otherwise  noted,  are  in  the  author's 
collection. 

Harvard  University, 
Cambridge,  Mass.,  Feb.  12,  1898. 
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Part   I. 


GBOI^OGY. 


There  rolls  the  deep  where  grew  the  tree ; 

O  earth,  what  changes  hast  thou  seen  ! 

There,  where  the  long  street  roars  hath  been 

The  stillness  of  the  central  sea. 

— Tennvson. 


INTRODUCTION. 


Ever  since  the  publication  of  the  New  York  State  Geological 
Reports,  Eighteen  Mile  Creek  and  the  shore  of  Lake  Erie 
has  been  classic  ground  for  the  stratigraphist  and  palae- 
ontologist. Probably  no  other  locality  is  so  frequently 
referred  to  in  the  literature  of  the  Middle  Devonian  of  this 
country,  as  is  this,  under  one  of  the  following  names: 
**Eighteen  Mile  Creek,"  ^*Shore  of  Lake  Erie,'*  **Hamburgh, 
Erie  Count}','*  **West  Hamburgh,**  or  **  Ham burgh-on-t he- 
Lake.** 

The  exposures  in  this  area  represent  a  continuous  section, 
from  near  the  base  of  the  Middle  Devonian  to  near  the  top 
of  the  Upper  Devonian,  and  the  total  thickness  of  these  beds 
is  only  a  few  hundred  feet.  Furthermore,  the  beds  exposed 
represent  deposits  made  at  a  considerable  distance  from  the 
land,  which  was  the  source  of  the  mechanical  sediment.  The 
conditions  of  the  water  in  this  area  were  consequently  more 
uniform,  and  the  deposits  less  complex  than  was  the  case  in 
regions  nearer  to  the  old  shore  line.  For  these  reasons  the 
study  of  the  Middle  and  Upper  Devonian  beds  is  profitably 
commenced  in  this  localitv.  The  sections  furthermore,  on 
account  of  the  limited  thickness  of  the  formations,  enable 
the  student  to  take  a  more  comprehensive  view  of  the  whole 
series  than  is  possible  farther  east,  in  which  direction  the  old 
shore-line  is  to  be  sought. 

Structure. — It  should  be  borne  in  mind,  that  the  gorge  of 
Eighteen  Mile  Creek  is  simply  a  deep,  broad  trench,  cut  into 
the  strata,  which  before  the  cutting  of  the  gorge,  continued 
without  interruption.  In  the  walls  of  the  gorge,  where  not 
obscured  by  vegetation,  the  cut  edges  of  the  strata  appear 
on  opposite  sides,  the  portion  of  the  beds  cut  out  between, 


IV. 


having  been  removed  by  the  stream.  This  process  of  gorge 
cutting  b}^  natural  agencies  may  be  compared  to  artificial 
trench  cutting  for  laying  water  pipes,  where  the  sides  of  the 
trench  commonly  show  the  cut  edges  of  the  layers  of  sand, 
gravel  or  rock,  which  before  cutting,  were  continuous.  The 
tools  with  which  nature  cuts  are:  rock  fragments,  broken  off 
by  frost  action,  and  carried  by  the  stream  over  the  bed-rock; 
loose  stones  and  sand  which  the  current  sweeps  along,  and 
cakes  of  ice,  which  in  early  spring,  float  down  stream. 
The  mode  of  cutting  the  natural  trench  differs  from  that 
employed  in  cutting  the  artificial  trench,  in  that  it  consists 
of  a  scraping,  graving  and  pounding  action,  instead  of  a 
digging  and  blasting  action.  The  results  are  similar  in 
both  cases,  but  the  time  occupied  by  nature  in  doing  the 
work  is  vastly  longer  than  that  occupied  by  man  in  cutting 
a  trench  of  similar  magnitude  by  his  more  improved 
methods.  But  as  nature  has  all  eternity  at  her  disposal,  it 
matters  not  how  slow  she  works. 

While  the  trench  is  slowly  deepened  and  widened,  the 
atmosphere  attacks  the  cut  sides  and  breaks  up  the  exposed 
portions  of  the  strata.  This  is  accomplished  b}^  the  mechan- 
ical activity  of  freezing  water  in  the  fissures  and  between  the 
layers,  which  are  pried  apart  by  the  growing  ice  crystals, 
as  well  as  by  the  chemical  activity  of  the  atmospheric  gases 
and  moisture,  which  cause  the  decomposition  or  decay  of  the 
rock.  Thus  the  sides  are  degraded  from  perpendicular  naked 
precipices  to  gently  descending  soil-covered  slopes.  The  bed 
of  Lake  Erie  may  be  regarded  as  such  a  natural  trench  of 
excessive  width  as  compared  with  its  depth.  The  opposite 
side  of  this  trench  is  formed  bv  the  cliffs  of  the  Canadian 
shore,  though  these,  from  the  direction  of  the  trench  and  the 
dip  of  the  strata,  consist  of  a  different  kind  of  rock.  The 
New  York  bank  of  this  trench  is  kept  more  or  less  fresh  by 
the  continual  cutting  of  the  waves,  which  has  gone  on  ever 
since  the  waters  of  Lake  Erie  filled  the  trench  and  converted 
it  into  a  lake. 
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The  rocks  of  this  region  are  shales  and  limestones,  with 
sandy  layers  in  the  upper  portion  of  the  exposed  series.  The 
shales  predominate,  and  commonlj'  split  into  thin  laminae  or 
lenticular  pieces,  which  lie  essentially  parallel  to  the  bedding 
plane.  These  shales  weather  into  clayey  soil  by  the  solution 
of  the  carbonate  of  lime,  which  here  commonly  forms  an 
important  cementing  constituent.  In  this  clayej"  soil  we 
find  a  return  to  the  more  primitive  condition  of  the  material, 
for  these  slates  were  beds  of  clay  before  they  assumed  their 
present  consolidated  character.  This  clay,  which  was  spread 
out  over  what  was  formerly  the  ocean  floor,  was  derived 
from  the  disintegration  of  the  rocks  which  formed  the 
land  at  that  period  of  the  earth's  history,  rocks  which  were 
constantly  attacked  by  the  waves  on  the  shore,  the  rivers 
and  streams  along  certain  lines  on  the  surface  of  the  land, 
and  the  atmosphere,  wherever  they  were  exposed.  When  the 
streams  had  brought  their  load  of  debris  into  the  sea,  where 
the  waves  and  shore  currents  could  distribute  it,  an  assort- 
ment took  place,  the  coarsest  material  being  deposited  near 
shore  and  the  finer  farther  out  to  sea,  in  direct  proportion  to 
the  degree  of  its  fineness,  and  the  strength  of  the  current. 
It  was  only  the  clay — the  result  of  the  chemical  decomposi- 
tion of  the  rocks,  and  the  finest  rock  flour — the  result  of  the 
most  effective  comminution  of  the  rocks,  which  were  carried 
out  into  the  comparatively  quiet  water  at  a  distance  from 
shore,  and  there  deposited  to  form  beds  of  mud.  The  empty 
shells  of  dead  animals,  which  were  strewn  over  the  bottom 
of  the  sea  in  this  region,  as  well  as  many  still  occupied  by 
the  animals,  were  buried  in  this  accumulating  mud,  just  as 
empty  shells  arc  buried  on  the  modem  beach,  and  as  living 
mussels  are  buried  more  or  less  deeply  in  the  fine  material 
deposited  off"  shore.  The  fine  mud  gradually  found  its  way 
between  the  valves  and  filled  the  space  once  occupied  by  the 
soft  parts,  a  condition  characteristic  of  the  occurrence  of  most 
bivalve  shells  on  modern  mud-flats.  When  in  the  course  of 
time  the  mud  became  a  shale,  the  shells  Ijecame  incorporated 
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in  the  rock  as  fossils.  The  solid  condition  of  most  of  the 
shells  now  found  fossil  in  these  rocks  is  due  to  the  great 
induration  which  the  filling  of  mud  between  the  valves  has 
undergone. 

By  the  time  that  the  mud-beds  had  completely  hardened 
they  had  been  raised  above  the  surface  of  the  ocean.  This  is 
indicated  by  the  crowded  condition  of  the  strata  about  the 
enclosed  concretionary'  masses,  a  condition  which  points  to 
settling  or  shrinking  of  the  strata,  after  the  loss  of  the  con- 
tained water,  which  could  onl}'  occur  after  elevation.  The 
elevation  was  probabh'due  to  those  crust-movements  which 
are  termed  **epeirogenic,''  and  which  produce  extensive 
changes  of  level  without  involving  the  formation  of  moun- 
tains. The  mountain-building  or  **orogenic''  movements, 
which  occurred  towards  the  close  of  Palaeozoic  time,  and  to 
which  the  Appalachian  ranges  owe  their  existence,  unques- 
tionably affected  this  region.  The  initial  inclination  or 
Vdip"  which  the  strata  had  at  the  time  of  their  deposition 
was  accentuated,  and  the  ver}'^  slight  undulations  of  the 
strata,  which  are  observable  in  several  places  in  Western 
New  York,  and  of  which  slight  indications  occur  in  the 
Eighteen  Mile  Creek  region,  were  probably  produced  at  that 
time.  Other  structural  features,  common  in  mountainous 
regions  were  produced,  the  most  pronounced  of  which  are 
the  folds  and  faults,  which  occur  in  a  number  of  places  as 
noted  beyond.  A  fold,  as  the  name  implies,  is  a  bend  in  the 
strata.  A  simple  arch  is  called  an  anticlinal  fold  (fig.  i.). 
When  it  is  inverted,  /.  e.  when  it  bends  downward,  it  is  called 
a  synclinal  fold  (fig.  ii. ).  When  the  strata  are  bent  upwards, 
or  downwards,  and  then  continue  as  before,  in  other  words, 
w^hen  the  fold  represents  only  half  of  an  anticline  or  half  of  a 
syncline,  it  is  called  a  monoclinal  fold  or  flexure  (fig.  iii. 
and  Plate  XVI.). 

A  fault  in  stratified  rocks,  consists  of  a  displacement  of  the 
beds  along  a  plane  of  fracture,  which  is  called  the  fault  plane. 
Occasionally  the  fracture  or  fault  plane  is  vertical  (fig.  iv.). 
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but  more  frequently  it  is  inclined.  The  angle  which  the  fault 
plane  makes  with  the  vertical  in  this  latter  case,  is  the  ang^le 
of  hade.  The  overlying  portion  of  the  strata,  along  an 
oblique  fault  plane,  constitutes  the  hanging  wall  of  the  fault. 
The  underlying  portion  constitutes  the  foot  wall.  If  the 
hanging  wall  of  the  fault  has  slipped  down,  tension  is  indi- 
cated, for  the  strata  now  occupy  more  horizontal  space 
than  before,  as  can  be  easily  tested  b\'  an  experiment,  with 
blocks  to  represent  the  strata.  In  such  a  case,  the  faulting 
was  caused  by  the  action  of  gravity,  which  pulled  down  the 
hanging  wall.  Therefore  such  a  fault  is  called  a  ''gravity 
fault,''  and  in  as  much  as  most  faults  are  gravity  faults, 
they  are  commonly  called  *' normal  faults''  (fig.  vi.,  1).  If 
however,  the  hanging  wall  slips  up,  a  compression  is  indicated, 
which  shortens  the  beds,  so  that  the\'  occupy  less  horizontal 
space  than  before.  A  thrust  force  is  required  for  the  produc- 
tion of  such  faults,  and  they  are  therefore  called  ''thrust 
faults."  Being  of  less  frequent  occurrence  than  the  other 
class,  they  are  also  called  "reversed  faults"  (fig.  vi.,  2,  3). 
It  is  the  latter  kind  which  occurs  in  this  vicinitv. 

Related  to  the  disturbances  which  produced  faults  and 
folds,  are  those  which  produced  joint  cracks,  i.  e.  those 
prominent  fissures  which  traverse  all  the  rocks  of  this 
region  (see  Plates  III.,  XXVI.  and  XXVII.).  One  expla- 
nation of  these  is,  that  they  originated  through  the  action 
of  earthquake  shocks,  which  traversed  the  rocks,  and  pro- 
duced a  series  of  earth-waves,  which  in  unconsolidated 
material  would  produce  little  effect,  but  in  solid  rock  would 
produce  these  fissures  at  regular  intervals  (Crosby).  The 
other  well  accepted  explanation  which  accounts  for  these 
joints  is,  that  by  unequal  elevation,  the  beds  have  become 
twisted  and  have  been  subjected  to  a  torsion  strain,  and 
that  this  has  produced  the  ])arallel  and  intersecting  joints 
(Daubrce).  Both  causes  undoubtedly  co-operate  in  the 
formation  of  these  joints,  as  is  well  illustrated,  when  a  sheet 
of  glass  is  twisted  and  then  a  shock  sent  through  it  by  a 
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blow  given  in  its  vicinity.  The  glass  will  break,  with  the 
formation  of  two  sets  of  parallel  fractures,  which  intersect 
each  other  at  a  constant  angle  in  a  given  piece  (figs.  vii. 
and  viii.). 

Nomenclature.— -In  the  study  of  the  geological  formations 
of  any  region,  it  becomes  necessary  that  a  classification  of 
the  various  beds  should  be  made,  and  that  a  proper  nomen- 
clature should  exist,  so  that  each  division  and  subdivision 
may  be  properly  designated.  Professor  H.  S.  Williams  has 
discussed  the  various  systems  of  nomenclature  which  have 
been  used  for  stratified  rocks,  and  for  a  full  account  the 
reader  is  referred  to  his  book.*  A  brief  synopsis,  and  defini- 
tions of  the  various  terms  employed,  are  given  here. 

In  the  first  place  it  must  be  remembered  that  we  are 
dealing  both  with  the  rocks,  and  with  the  time  occupied  in 
their  deposition.  Consequently,  a  dual  nomenclature  and 
classification  is  necessary,  and  two  kinds  of  scales  must  be 
adopted,  namel}':  the  ** formation  scale''  and  the  **tinie 
scale. ''t  The  formation  scale  of  classification  takes  account 
of  the  rock  formations  only,  while  the  time  scale  is  only 
concerned  with  geologic  time  and  its  subdivision.  The  time 
scale  will  be  considered  first. 

The  whole  of  geologic  time  is  divided  as  follows: 

Cenozoic  Time— Time  of  ** modem  life.'' 
Mesozoic  Time — Time  of  ** mediaeval  life." 
Paleozoic  Time— Time  of  **  ancient  life." 
Proterozoic  Time— Time  of  ** first  life." 
Azoic  Time— Time  of  **no  life." 

Each  of  these  great  **Time"  divisions  is  characterized  by 
the  progress  of  life  during  its  continuance,  such  progress 
being  indicated  by  the  names. 

*Gcolo|?ical  Bioloj2:y.  1895. 

tSee  H.  S.  Williams.  Dual  Nomenclature  in  Geological  Classification.    Journal  of 
Gcolof?y,  Vol.  II..  pp.  14.5-160. 
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The  times  are  divided  into  eras,  which  have  received 
locality  names,  as  Devonic  era  from  Devonshire,  England, 
old  historic  names,  as  Silnric  era,  from  the  old  tribe  of 
Silures,  or  names  derived  from  the  lithological  character  of 
beds  deposited  during  the  era,  as  Carbonic  era,  from  the 
coal  beds  deposited  at  that  time.  The  division  is  chiefly 
based  on  biological  changes. 

The  subdivision  of  eras  is  not  a  uniform  one.  The  best  is 
that  proposed  by  H.  S.  Williams,*  who  would  recognize  in 
general  an  early,  a  middle  and  a  later  period  in  each  era. 
The  terms  Eo,  Mcso  and  Neo,  proposed  by  him,  form  suitable 
prefixes  to  which  can  be  added  the  distinctive  era  name. 
Thus  Eodevoniarif  Mesodevonian  and  Neodevonian  are 
proper  names  to  apply  to  the  early,  middle  and  later  periods 
of  the  Devonic  era. 

Periods  are  divided  into  epochs,  these  latter  marking  the 
continuance  of  a  characteristic  species  and  its  associates. 
The  name  applied  to  the  epoch  should  be  the  specific  name  of 
the  important  species,  a  rule  which  as  yet  is  not  very 
generally  followed.  From  the  nature  of  the  division  it 
follows  that  it  can  not  hold  over  very  wide  areas,  and  that 
its  length  may  vary  in  different  regions.  The  epoch  during 
which  the  Hamilton  shales  of  New  York  were  deposited — 
here  called  the  Spiriferoides  epoch,  from  Athyris  spiriferoides 
— can  perhaps  not  be  recognized  outside  of  north-eastern 
United  States  and  portions  of  Canada.  The  Stringocephalus 
epoch  of  Europe  is,  in  part  at  least,  its  foreign  equivalent. 
On  the  other  hand,  the  Disjunctus  and  Intumescens  epochs 
(Table  B)  are  recognized  in  Europe,  where  they  are  marked 
by  the  same  species.  So  too,  the  Acuminatus  epoch,  during 
which  the  Comiferous  limestone  of  eastern  North  America 
was  deposited,  may  be  recognized  in  European  geological 
history  as  the  time  during  which  Spirifer  cultrijugatus, 
the  European  equivalent  of  S.  acuminatus,  existed. 

*Loc.  cit. 
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The  term  **age'*  is  frequently  used  in  the  succeeding  pages. 
It  is  to  be  understood  as  capable  of  a  general  application  in 
speaking  of  divisions  of  the  time  scale,  whether  large  or 
small.  The  term  age,  is  also  used  in  designating  the  time 
occupied  in  the  formation  of  a  particular  stratum,  or  sub- 
stage,  thus :  Encrinal  age,  Moscow  age  and  Styliolina  age, 
or  age  of  the  Styliolina  limestone. 

The  unit  of  classification  in  the  formation  scale  is  the 
stratum.  Each  stratum  comprises  a  section  of  the  forma- 
tion, which  consists  throughout  its  thickness  of  the  same 
rock  material.  Thus  the  Encrinal  limestone  is  a  stratum. 
Similarly  the  eight  or  nine  feet  of  black  uniform  carbona- 
ceous Genesee  shales  form  one  stratum.  The  stratum  may- 
be subdivided  into  beds,  of  which,  in  a  thick  stratum,  there 
may  be  many.  The  bed  may  again  be  divided  into  layers,  of 
which  there  may  be  several  in  one  bed.  A  rock  formation  or 
terrane  may  consist  of  a  single  stratum,  or  of  a  number  of 
strata,  according  to  the  magnitude  of  the  division  under 
consideration,  but  all  the  related  strata  of  that  particular 
division  are  included  in  the  term  formation.  Thus  the 
Devonian  formation  includes  all  the  strata  of  the  Devonian 
division,  and  the  Genesee  formation  includes  all  the  strata  of 
the  Genesee  division. 

The  smallest  division  of  the  formation  scale  is  the  stage. 
This  ma\'  comprise  a  number  of  strata,  as  in  the  case  of  the 
Hamilton  stage.  It  may  be  subdivided  into  smaller  forma- 
tions, as  is  the  case  in  the  example  here  cited.  The  names 
applied  to  the  stages  are  commonly  locality  names,  but  as  in 
the  Corniferous  stage,  the  lithological  character  may  furnish 
the  name.  The  strata  comprised  within  a  stage  are  usually 
restricted  in  distribution,  seldom  covering  more  than  a  few 
hundred  square  miles  of  area,  and  they  were  all  deposited 
during  the  continuance  of  the  corresponding  epoch.  The 
stages  are  united  into  groups,  the  groups  into  series,  and  the 
series  into  systems.    Groups  are  local  in  distribution,  their 
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formation  depending  on  the  physical  conditions  which 
existed  during  the  corresponding  period  of  time  at  the  place 
where  they  occur.  On  this  account  rock  groups  commonly 
receive  local  names,  such  names  being  taken  from  the  locality 
where  the  group  is  best  developed,  or  where  it  was  first 
studied.  A  number  of  local  rock  groups,  known  by  various 
names,  were  deposited  during  each  geological  period,  each 
group  characterizing  a  different  locality,  and  indicating 
different  physical  conditions  during  the  time  and  at  the  place 
of  its  deposition.  For  purposes  of  correlation  it  is  desirable 
to  have  one  name  to  which  the  local  groups  can  be  referred, 
and  such  a  name  must  be  of  general  applicability.  None  of 
the  local  group  names  can  be  selected,  no  matter  how  much 
priority  any  one  of  them  may  have.  For  example:  the 
Huamampampa  sandstone  of  Bolivia  was  probably  de- 
posited while  the  Hamilton  sediments  were  accumulating 
over  New  York,  but  the  Huamampampa  sandstones  are  not 
Hamilton.  They  are  Middle  Devonian  just  as  the  Hamilton 
sediments  are  Middle  Devonian.  It  is  therefore  proposed  to 
use  the  terms  Lower,  Middle  and  Upper  to  designate  a  three- 
fold division  of  each  rock  series  deposited  during  the 
corresponding  geologic  era.  Thus  the  Devonic  serieSy 
built  up  during  the  Devonic  era,  is  divisible  into  three 
groups,  the  Lower,  Middle  and  Upper  Devonian  groups, 
which  were  deposited  respectively  during  the  Eo,  Meso  and 
Neodevonian  periods.  This  division  may  seem  somewhat 
artificial,  especially  as  some  rock  series  are  divisible  into 
more  or  less  than  three  groups  in  different  localities.  Thus 
in  Tennessee  the  whole  of  the  Devonic  series  is  represented 
by  the  Chattanooga  black  shale,  which  in  places  is  only 
twelve  feet  thick  and  shows  no  subdivisions.  But  in  those 
twelve  feet  of  shale  are  probabW  included  the  Lower,  Middle 
and  Upper  Devonian  groups.  One  division  may  be  unrepre- 
sented, as  is  probabl}'  the  case  in  the  Devonic  or  Old  Red 
Sandstones  of  Scotland,  where  onh'  a  Lower  and  an  Upper 
group  are  recognized,  the  place  of  the  Middle  group  being 
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represented  by  an  unconiortrrrtT.  Wancrea rock  :xtie$»locaUv 
diTisible  into  more  or  iewer  thait  tfer^ee  ^^^'.''^05^  one  of  these 
local  groups  mav  comRtpood  to  a  wrsc-  oic  a  ^nronp  in  the 
general  division,  or  to  more  tiuui  oae  oc  riwise  grovpsw  It 
remains  for  the  student  of  the  local  sro4=3?  10  sbfixaet  them  to 
the  general  scheme,  which  is  to  serre  as  a  i»t»  for  cor- 
relation and  comparison. 

The  rock  svstenis  include  those  rvvks  vriici  were  librmed 
during  the  corresponding  great  ttrrse  di\TSx^:i  Both  series 
and  svstem  take  the  names  of  the  cv?rres-.x7odl-=uj  eras  and 
times. 

In  Table  A.  the  subdivisions  of  ibe  Pilevcoic  time  and 
system  are  given,  with  the  New  York  arad  oiier  equiTalents 
in  common  use.  In  Table  B.  the  det;:ukc  scSiivtsioo  of  the 
New  York  Devonic  is  given. 


N'«rTK — Tr-f.:  :   :<: '.j*  ^A-'-.i:::*  •<  .\  -.-.•z^y.    —    -re    -.»•.•  ^'t     *'*■:— r-zte^   liaaailtOB 
•prcie*    thar.    .l:r;.  r:*    •r-'~Vr   -^<*       T><  *    •: — er      K-vrrs  -.r    V-. '. .-.t    IVtoi 

Pcnn*TlTa:;:a,  ar.-I  i::*-:    :•       It  i«  ,i:«.^  .iV:sr  -.vrt  --  :>.«  \!..-..Vc  Itcv  .-rv*r  i 

of  the  Rio   Matv-sr-':  ir  :>.«   Ar';ir.^r.iAr:  .!:*tr:v;.  5^     \      .■.-*, -.r  t'^c    rrrrr    PnArteccof 

Para.  Brar-.l.      It  :-jrth<rmt»rr  .Kv-ur*  t.   '.kx-t.-at.  ^<-**  .^:   I  Ak<   T":txTKra;  oa  tkc 

Rio   S:ca«:ca.   H-.!:via.    in    S«»aih    Atriv  a .    :r.    ¥r\rcx.     '-irrrj.Ty    at.'.    FefElaad.     In 

""'By  of  thc*<  I---vaIitie-»  ii  i*  a*«*K-iatrd  w:t>.  »::-•    -.4   :  ^-*:i-:  .sa        Z-z  foiBC  of  tkc 

*    mcnt:-*ac<l   !i>caliii<-*   howrvrr.    t*:c   l^cx**   v-"hAr.\ct<T-.«-.-:    ^  r    th< 

rdcd  a«  of  Eodcvonian  afsv.     The  \\  •.■ie  d-.i-'.T.-zv.^r.  .■;  Tr   :■■».:".  •.-;:»* 


Id  make  the  adoption  of  the  nar-.e  C.^r:r..iZ::<  <r;-x->  :Vr  k  <zT.f^  ep^Mll  «4'tke 
ideronian  period  desirable    the  Marc*:'.!:*  tc  ><  r-v:^.'.^/.  :r.  :h**  cyv^cb*.  vcx«u 
•=w  the  diacrriMincT  in  the  ape*  --ftre  *>ed*  charactenrri  bx  :b:*  ^iKoes  at  the 
BS  localitae*. 


XVll. 


52; 

O 


CO 
u 

o 

N 

o 
< 


C/3 

W 

<  2 

>  £ 

w  :: 

o 

O  Z 

^  2 

PQ  s 

Z  o 

o 
a. 


o 


P. 

X 

o 


u 


CO 

8 


0^ 

o 

OS 

O 
u 

PS 

S| 

z  b 

St 

» 

•< 

PQ 


a 
a 

a 
.  n 

>S 

•as 

a 
•  v«  •  • 

CO  ^ 

Cu  "  t^co  r 

■4J  (d  ^^  Co 


a 

CO   V 
CO  C3 

c  p 

CO 


PS 

» 

flu 
flu 


c  S  5*  ^*  ifS 

fl?  ^  3"  ^j  W  flj 
I  05  •«  .^  "^  "^  r* 

<  is*    ^^  S 
>  A^«i  cu  O  o 


E-S 


O 
N 

O 


<      2     a 

PQ 
< 


ui      2 

W  0 


u 


o 

PQ 

U 
10 


a 
o 

a 

C3 
•  p" 

O 

ja 

u 

C5 

U 


cu 

;^ 
o 

PS 

O 

„•  CU  w 
^  D  ffl 

;^  o  K 
o  ^  u 

w  a  a. 

a:  <  cu 


^    Ju 

TT 


^ 


a 

o 


■e 

U 

u 

o 


o      »- 


cu 

D 

o 

o 

c 

03  CU 

K  ^  0: 
W  O  1! 

w  S  < 

O  25  2 


CO 
(/) 

u 

c 
> 


peg 

&^" 

'-  S  c 

5  *  rt 

•  M      □      ra 
•^      I»      *■ 

J?  ?  o 


p  P 

o  c 


CO 


r.    5=    C 
«    ^    5 


W  p. -2^ 

cj  •Q  CQ     CO  o  •5'  55 


CO 


u 

O 

N 

O 


c 


^  0 


p     « 


o 

OQ 
< 

u 

in 


o 

c 

y, 


P 
o 


u:  p 
o 

08 
>Z 


""P  ^ 


P 

>  p 

a>  o 
O  a> 

CO  <T3 


ai  St  5 
WC  P.2 

s  rp  >" 
CJ-2  ««  p 
HH  CO  jf.rz 


CO-QQ     COcJ*CQ 


CO 


o 

PS 

O 

c 

H 

U 

» 


P< 

D 
C 
06 

o 

z, 

Q 

< 

< 


a 

p 
o 


a 

p 
o 


s 


feSofe      H. 


a 

p 

^  p  p 

5  cd  c3 
2*5'C 

CO  ^  o  o 


X 


u 


u 

o 


c 

O 


u 
o 


cj  •Q  Q 


C^^ 


^3 
£3    C3 

rt  <j  s 
•  •■  '^   en 


0 


C  vJ-C  c. 


CO 

>•  P 

O   CC 

^'^ 

■M    > 


p.  <JO 


ap  5* 

05 


W  p 


cd  cd 
a; 


X 

PQ 

u 


u 
o 


0  •Q  QQ 


-tj  a  cd 

«  St  s 


fti  rt  -  § 

0/ 


rt 


1/  ^   Q 


e 
cd 

Art  Oi 

a  ts 

a  o 

05 

"I 

«  « 

^*  9 

O  C9 

IS 


0) 


o  « 

•a 

a 


SI 

u 

OD 

a 
o 

o5 


•c 

m 

u 

o 


b^  •<3  ^ 

>  ««S 

C  o« 

80    CO 

^-    * - 

0  o."; 

co'S« 
.  «^ 

^.  *>4i 

■-4     QB   (J 

ES-M 
C8   J"  r) 

s  ^S 

<  o  o 
(«  ay 

c 


xyiii. 
TABLE  B. 

S!TH-I)IVISIONS  OF  THE  NEW  YORK  DEVONIC. 

^  _  ..  ._ 

TIMK  SCALK.  FORMATION    SCALB. 

r>BVr)NIC  KKA.  DEVOXIC  SERIES. 

c.  Nerxlevoniaii  ]K'n<)d c.    Chemung  >^oup. 

2.   Dinjunctus  q)<)ch 2.   Cheniiing  5tnfj:e. 

( 2 ) .  Chemung  sandstones  and  shales. 
( 1 ) .  Portage  sandstone. 

1.  //in/zm-sce/iscpoch 1.  (Venesee  stage. 

(3).  Naples  shales. 

(2).  (lenesee  shales,  indndin^^  Stylio- 

liiia  limestone. 
(1).  Tully  limestone. 

/;.   Mi"S(»cU"v<»iiian  iR'riod b.   Hamilton  group. 

2.  Spin/in }u les  i.']}nc\\ 2.   Hamilt<m  stage. 

(3).  TpiK-T  or  Moscow  shales. 

(2).   Encrinal  limestone. 

(1 ).   Lower  or  Hamilton  shales. 

1.  Mintiin  epoch 1.    Marct'llus  stage. 

(1).    M a rcellus  shales. 

//.    H<i{k'voni.'in  iK'fiod n.   T^^kt  Htl(lerl)erg  group. 

.'{.   Ac'umiimtus  epoch [\.   Co:  nil. rous  stage. 

( 1* ) .   ConiilVrous  limestone. 
(1).   Onondaga  limestone. 

2.  CVlm//<^^'l/// cjHK'h 2.   Schoharie  stage. 

( 1 ).  Schoharie  grit  and  Esopns  shales. 

1.    Ilippnrhtnyx  e])och 1.   Oriskanv  stage. 

(1).   Oriskany  sandst<mj. 

The  name  '' Disjunctus  epoch"  (H.  S.  Williams)  is  derived 
from  the  eharacteristie  fossil  Spiriicr  disjunctus,  while  the 
name  '' Intiinwsccns  epoeh"  is  derived  from  the  characteristic 
fossil  (ronintitcs  intnnicsccns/^  ''Spirifcroides  epoch"  and 
''Mwutii  epoeh  "  are  derived  from  the  fossils  Athyris  spirifir- 
oidcs  and  Orbiculoidcn  tninutn,  which  are  jiractically  con- 
fined to  their  respective  epochs.  The  names  are  of  limited 
a])plic<'il)ility.!'  In  the  IJodevonian  period,  the  name  ''Acumi- 
nntus  epoch''  is  used  for  the  last  epoch,  it  being  derived  from 
the  characteristic  fossil  Spin'/cr  Hcuminntus  Conrad.  This 
sjxjcies  is  represented  In-  S.  culiriju<rntiis  F.  Roemer,  in  the 
upper  (Coblenzian)  part  of  the  Khenan  or  Lower  Devonian 

*8ec  J.  M.  Clurkc.  IntiimcNcenN  fiiiina.  .\in.  (;col..  Vol.  VIII..  j).  S6  et  t»eq. 
fScr  note  \m\kc  xvi. 
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of  the  Eifel  in  western  Germany,  and  in  the  Ardennes  on  the 
borders  of  France  and  Belgium.  The  same  species  is  found 
in  the  Lower  Devonian  rocks  of  South  Devonshire.  If,  as  is 
held  by  many  authors,  the  two  species  are  identical,  Roemer's 
name  must  give  way  to  the  earlier  one  of  Conrad.  The 
^'Caudagalli  epoch''  is  named  from  the  peculiar  sea-weed,  the 
Spirophyton  [Taonurus)  caudagalliy  which  abounds  in  the 
rocks  formed  during  that  epoch,  while  the  **Hipparionyx 
epoch''  is  so  called  after  the  brachiopod  Orthis  hipparionyx 
( Hipparionyx  proximvs ) . 

The  rock  formations  have,  with  few  exceptions,  received 
their  names  from  typical  localities  in  New  York  State.  Thus 
Chemung  is  derived  from  Chemung  Narrows ;  Portage  from 
Portage  on  the  Genesee  River ;  Naples  from  Naples,  Ontario 
County,  (the  two  shales  comprised  under  this  name,  /.  e.  the 
(jardeau  and  Cashaqua,  having  received  their  names  from 
the  Gardeau  flats  on  the  Genesee,  and  from  Cashaqua  Creek, 
respectively);  Genesee  from  the  Genesee  River  at  Mt.  Morris; 
Tully  from  Tully,  Onondaga  County,  (this  rock  is  absent 
in  the  Eighteen  Mile  Creek  region);  Moscow  from  Moscow, 
Livingston  County;  Hamilton  from  Hamilton,  Madison 
County;  Marcellus  from  Marcellus,  Onondaga  County; 
Helderberg  (both  upper  and  lower)  from  the  Helderberg 
mountains;  Onondaga  from  Onondaga  County;  Schoharie 
from  Schoharie  Countv,  and  Oriskanv  from  Oriskanv  Falls, 
Oneida  County.  All  of  these  localities  exhibit  typical 
exposures.  The  other  names,  viz,  Encrinal  (crinoid  bearing) 
and  Corniferous  (chert  or  hornstone  bearing),  are  names 
derived  from  the  character  of  the  rock. 

When  we  study  the  rocks  in  greater  detail,  we  find  in  them 
associations  of  fossils  which  do  not  occur  above  or  below  a 
certain  level.  This  association  is  called  a  fauna.  The  Cen- 
tury Dictionary  definition  for  fauna  is:  '*the  total  of  the 
animal  life  of  a  given  region  or  ])eriod ;  the  sum  of  the 
animals  living  in  a  given  area  or  time.''    Thus  the  Lake  Erie 
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bivma  in<:\u€les  the  present  animal  life  of  that  region.  Simi- 
Larlv  thifr  Hatnilton  fauna  is  the  sum  of  the  animal  life  ^which 
^zihV^l  durinjf  that  jxrriod.  We  ma\'  speak  of  the  fauna  of  a 
%traium,  ^s  for  instance  the  **Encrinal  limestone  fauna/'  or 
th^  '  Spirifer  sculfitilis  fauna,**  or  the  fauna  of  a  bed  viz:  the 
'Ii<rmi«^Ha  fauna.** 

Methods  of  Study.— In  lK*ginning  the  study  of  the  stratified 
rffckn  of  this  region,  it  is  highly  desirable  that  a  stratum 
\m:  wrlcrterl  which  may  Ix;  used  as  a  datum  plane,  ^th 
reference  to  which  the  ])osition  of  all  the  beds  may  be  ascer- 
tained. There  are  two  such  reference  strata  in  this  region, 
both  (tf  which,  on  account  of  their  great  areal  extent  over 
Western  New  York,  will  also  serve  in  the  correlation  of  the 
strata  of  the  liighteen  Mile  Creek  region  with  those  of  more 
eastern  localities.  These  strata  are  the  Stvliolina  limestone, 
which  here  forms  the  base  of  the  Upper  Devonian,  and  the 
IJncrinal  limestone,  which  separates  the  Moscow  and  Hamil- 
ton shales.  The  first  of  these  is  seen  in  seven  of  the  eight 
sections  in  Eighteen  Mile  Creek,  and  again  in  the  first  of  the 
South  Shore  Cliffs.  The  Encrinal  limestone  is  first  exposed 
in  Section  5  in  Eighteen  Mile  Creek,  and  appears  in  all  the 
sections  below  that  one,  as  well  as  in  the  cliffs  on  both  sides 
of  the  mouth  of  Eighteen  Mile  Creek.  While  therefore,  the 
Styliolina  limestone  forms  a  reference  plane  for  the  upper 
strata  of  this  region,  the  Encrinal  limestone  becomes  a  con- 
venient datum  plane  for  the  lower  beds. 

A  third  stratum  which  may  be  used  as  a  reference  plane  in 
this  region,  is  the  Strophalosia  bed,  which  lies  fifty  feet 
below  the  Encrinal  limestone,  and  is  considered  the  top  bed 
of  the  Marcclhis  stage.  This  bed  is  exposed  in  Avery's 
Creek,  and  in  liric  and  Athol  Springs  Cliff's. 

The  study  of  the  several  cliffs  is  best  undertaken  in  the 

order  in  which  they  arc  described  in  chapters  one  and  two. 

The  following  itinary  is  suggested:  Leave  the  train  at  North 

^^vans  station,  and  descend  into  the  gorge  by  the  steps  of  the 
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abutment  of  the  stone  railroad  bridge  (see  Plate  IV.).  The 
stream  can  usually  be  crossed  near  the  bridge,  where  the 
Styliolina  limestone  forms  the  bed  of  the  stream.  Taking 
this  stratum  as  the  first  datum  plane,  the  overlying  beds, 
exposed  in  the  section  can  be  studied  with  reference  to  it. 
The  loose  blocks  in  the  bed  of  the  stream  will  well  repay 
attention,  and  the  shale  outcrops  between  Sections  1  and  2 
should  not  be  overlooked. 

By  following  the  map,  the  various  sections  can  be  ex- 
amined, and  the  rocks  studied  in  descending  order.  The 
Styliolina  bed  will  always  serve  as  a  guide  for  the  determin- 
ation of  the  position  of  the  various  beds.  Below  Section  4, 
are  numerous  exposures  of  the  Moscow  shale  in  the  bed  of 
the  stream,  and  these  deserve  attention.  In  Sections  5  to  7, 
the  Styliolina  limestone  occurs  only  at  a  considerable  eleva- 
tion above  the  base  of  the  section,  but  the  Encrinal  limestone 
can  here  be  selected  as  the  reference  plane. 

The  first  of  the  South  Shore  Cliffs  is  conveniently  examined 
after  the  Eighteen  Mile  Creek  sections,  as  it  will  afford  a 
review,  in  ascending  order,  of  the  strata  studied  in  the 
gorge,  in  descending  order. 

After  reaching  Pike  Creek,  leave  the  shore  and  return  by 
the  Lake-shore  road  or  along  the  top  of  the  cliffs,  to  the  left 
or  southern  bank  of  Eighteen  Mile  Creek,  and  follow  the 
road,  which  in  many  places  skirts  the  bank,  and  affords 
good  general  views  of  the  sections,  all  the  way  to  North 
Evans  village,  and  be\^ond. 

The  Lake  Shore  Cliffs  south  of  Pike  Creek  are  best 
approached  from  Derby  or  stations  further  south.  A  bicycle 
will  be  found  convenient,  as  the  cliffs  are  all  approachable 
from  the  Lake-Shore  road.  A  full  dav  should  be  devoted  to 
the  examination  of  these  cliffs,  while  weeks  may  be  ad- 
vantageously spent  on  them  in  detailed  study. 
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The  North  Shore  Cliffs  can  be  approached  from  Lake  View 
station  or  the  Lake-shore  road.  The  study  of  the  Idlewood 
and  Wanakah  Cliffs  will  occupy  the  time  of  one  excursion, 
the  Erie  and  Athol  Springs  Cliffs,  together  with  the  ravine 
of  Avery's  Creek  affording  sufficient  material  for  a  second, 
and  Bav  View  Cliff  for  a  third,  rather  shorter  excursion.  All 
these  can  be  approached  from  the  Lake-Shore  road.  Erie 
and  Athol  Springs  Cliffs  are  best  approached  from  Ham- 
burgh-on-the-Lake  station  (p.  60),  while  the  Bay  View  Cliff 
may  be  easily  approached  from  Woodlawn  Beach. 

After  the  sections  have  been  studied  in  a  general  way,  the 
details  of  the  various  beds  will  demand  the  attention  of  the 
student,  and  the  longer  the  time  occupied  in  their  study,  the 
more  satisfactorv  will  be  the  results.  Attention  should  be 
given  to  the  proper  succession  of  the  beds,  and  collections 
from  the  talus  should  not  be  made  while  engaged  in  the 
study  of  stratigraphy,  unless  it  be  from  fragments  of  beds 
whose  position  is  definitely  know^n. 

In  Table  C,  the  beds  of  this  region,  with  the  sub-divisions 
shown  in  the  sections,  are  given. 
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CHAPTER  I. 

THE  GEOLOGY  OF   EIGHTEEN   MILE  CREEK. 

General  Description.— Eighteen  Mile  Creek  belongs  to  the 
St.  Lawrence  drainage  system,  its  waters  being  tributary  to 
the  basin  of  Lake  Erie.  The  course  of  the  stream  lies  wholly 
within  the  southern  portion  of  Erie  County,  N.  Y.,  its  most 
important  sections,  from  a  stratigraphical  point  of  view, 
lying  within,  or  on  the  borders  of  the  township  of  Hamburgh. 

Taking  its  origin  in  the  southern  uplands  of  the  county,  it 
flows  northward  and  westward,  receiving  numerous  tribu- 
taries, until  its  united  waters  are  poured  into  Lake  Erie  at  a 
point  just  eighteen  miles  south-west,  along  the  lake  shore, 
from  the  former  village  of  Black  Rock,  at  the  head  of  the 
Niagara  River,  a  site  now  included  within  the  limits  of  the 
city  of  Buffalo. 

The  general  direction  of  the  stream  in  the  last  two  miles  of 
its  course  is  north- westerly,  and  for  this  distance  it  forms 
the  boundary  line  between  the  townships  of  Evans  and 
Hamburgh.  For  the  greater  j)art  of  its  course  the  stream 
flows  through  a  rocky  gorge,  the  walls  of  which,  in  many 
places,  rise  to  a  perpendicular  height  of  a  hundred  feet  or 
more. 

The  strata  exposed  in  the  gorge  of  the  main  stream  and 
its  tributaries  all  belong  to  cither  the  middle  or  uj)j)cr  j)iirt 
of  the  Devonian  series.  The  lowest  beds  found  in  the  gorge 
are  exposed  at  the  mouth  of  the  nic'iin  strc<am  and  belong 
near  the  base  of  the  Hamilton  stage.  The  highest  beds 
exposed  in  the  uj)|)er  portions  of  the  gorge  probably  belong 
to  the  lower  Chemung,  /.  e.  the  Portage  sandstone,  but  this 
is  simply  a  matter  of  inference  as  the  upper  gorge  iind 
branches  have  not  been  examined. 

The  lower  portion  of  the  gorge  is  wider  than  other  parts. 
This  is  to  be  accounted  for  by  the  presence  of  the  softer 
Hamilton  shales,  which  first  become  prominently  exposed 


about  a  mile  from  the  lake  shore.  The  stream  also  makes  a 
/greater  number  of  turns  in  this  part  of  its  course,  thus 
furnishing  sections  which  extend  in  different  directions.  The 
widening  of  the  gorge  in  this  portion  is  due  to  lateral  plana- 
tion  or  undercutting  in  the  soft  shales,  which  causes  the 
upj>er  shales  and  calcareous  beds  to  fall  down.  This  de- 
struction of  the  banks  is  materially  advanced  bv  the  verv 
perfect  development  of  joint  fissures  which  traverse  all  these 
rocks  and  which  allow  the  separation  of  the  shale  and  lime- 
stone masses  after  thevhave  been  undermined  bvthe  stream. 
Such  of  the  fallen  material  as  comes  within  the  transporting 
power  of  the  current,  is  carried  awa}^  and  only  the  larger 
rocks  remain.  (See  Plate  XI.).  These  may  accumulate  in 
such  numbers  at  the  foot  of  the  cliff  as  to  form  an  effectual 
protection  against  the  current  when  the  amount  of  under- 
cutting will  be  reduced  to  a  minimum.  The  foundations  for 
a  talus  thus  laid,  rock  fragments  broken  from  the  cliffs  by 
frost  and  heat  will  slide  down  and  accumulate,  and  finally 
the  sloping  bank  is  produced,  which  from  the  decomposition 
of  the  rock  becomes  soil  covered  and  ovcrgi'own  with 
Ycgctaticm.  In  this  manner  a  talus  may  form  even  though 
the  stream  keeps  close  to  the  base  of  the  cliff  as  in  Section  7. 
(  Plate  XII. ).  In  Section  G  a  talus  would  probably  be  formed 
were  it  not  for  the  fact  that  the  blocks  of  Encrinal  limestone 
are  carried  away  for  building  purj)oses.  Ordinarily,  how- 
ever, the  cliff  is  kept  free  from  such  accumulations  as  long  as 
tlie  stream  keeps  close  to  its  base.  But  if  the  deflection  of 
tlie  current  transfers  the  cutting  zone  to  another  portion 
of  the  stream  bed,  the  cliff  will  rapidly  be  degraded  by 
atmospheric  action,  a  heavy  talus  will  acciunulate,  and 
vegetation  gi'owing  upon  this  talus  will  completely  hide  the 
underlying  rock. 

As  will  be  noted  by  reference  to  the  map  (Plate  II.)  the 
talus  is  best  developed  upon  the  inside  of  the  bends,  where 
deposition,  rather  than  erosion  takes  place,  while  the  banks 


on  the  outside  of  the  bends  are  usuall}^  kept  perpendicular 
by  the  current  which  continually  undermines  them. 

Fronting  the  degraded  banks,  we  usually  find  level  teiTaces 
built  up  during  seasons  of  high  waiter  from  the  material 
derived  by  the  stream  in  the  upper  part  of  its  course.  These 
terraces  rise  from  three  to  five  or  six  feet — rarelv  more — 
above  the  stream  l)ed  and  they  arc  very  level  on  top.  The 
more  extensive  ones  are  utilized  as  farm  and  garden  lands. 
Such  is  the  case  with  the  terrace  below  the  Idlewood  Camp 
Grounds  opposite  Section  8,  with  the  Glen  Flora  terrace 
opposite  Section  7,  and  with  the  extensive  terrace  opposite 
Section  5.  The  other  terraces  indicated  upon  the  m<ip  are 
uncultivated.  A  few  cultivated  terraces  of  small  extent 
exist  in  the  gorge  opposite  North  Evans  village,  but  above 
this  the  terraces  and  flats  along  the  river  side  are  largely  in 
a  state  of  nature. 

At  the  North  Evans  station,  about  a  mile  and  a  half  above 
the  mouth  of  the  creek,  the  gorge  is  spanned  b}'  two  railroad 
bridges — that  of  the  Lake  Shore  and  Michigan  Southern 
Railroad,  a  stone  bridge,  and  that  of  the  WcvStern  New  York 
and  Pennsylvania  and  the  Nickel  Plate  Railroads,  an  iron 
structure.  At  the  stone  bridge  the  gorge  has  a  depth  of 
eighty-eight  feet,  and  it  is  between  this  point  and  the  lake 
shore  that  the  most  interesting  sections  are  exposed,  these 
alone  being  considered  in  the  following  pages. 

Age  of  the  Gorge. — The  gorge  is  wholly  post-glacial  in 
origin;  there  is,  however,  a  prc-glacial  valley  which  mouths 
about  a  mile  to  the  north  of  the  present  gorge.  This  valley 
which  is  over  a  thousand  feet  wide,  and  a  section  of  which  is 
seen  in  the  bank  on  the  lake  shore,  is  deeply  filled  with  drift 
material,  containing  many  Cornifcrous  Limestone  boulders. 
The  valley  of  this  old  river,  which  may  be  called  the  pre- 
glacial  Idlewood  river,  underlies  the  estate  of  Mr.  Albert 
Myer,  but  it  has  not  been  traced  inland  beyond  this.     Mr. 


p.  L.  Grabau,  however,  reports  its  existence  near  Water 
Vallev  and  near  North  R^ston. 

Detailed  Description  of  the  Secticns.— There  are  eight 
sections  Iviween  the  railroad  bridges  and  the  lake  shore. 
These  will  Iv  considerctl  in  descending  order,  beginning  with 
the  one  at  the  stone  railroad  bridge  on  the  right  side  of  the 
stream,  which  will  here  Ix*  designated  Section  1.*  I  Plate  IV.). 

Section  1  4  H  i. 
n-xTE.  lY. 

This  section  has  a  total  height  of  ninety  and  one-half  feet, 
although  at  the  bridge  the  height  is  only  eighty-eight  feet. 
The  length  ot*  the  sectii>n  is  alH>nt  eight  hnndred  feet,  and  it 
extends  north  oO  degrees  west,  by  south  50  degrees  east. 
The  strata  dip  one  degree  to  the  south-east.  Near  the 
lower  end  ot"  the  section  is  a  smalt  lateral  ravine  1 "  Philip's 
ravine"!  which  extends  back  three  hnndred  feet  or  more, 
where  a  vertical  wall  of  shale  terminates  it.  This  ravine 
atVords  a  goiul  opportunity  lor  the  examination  of  the  upper 
IkhIs  of  this  section.  es^KviaKy  the  "Cashaqua"  shales. 

The  following  is  the  thickness  of  the  various  beds  exposed 
in  this  sovnion.  taking  them  in  descending  order: 

Hlack  Naples  or  Gardeau 40        feet. 

titrcy  Naples  i>r  Cashaipui 30  ** 

J  Hlack  (icncstr 9.5  " 

(irav  (icncset* 8.5  ** 

Slvliolina  bed 5  " 

Conodont    Linicsione 25  " 

Slialc 25  " 

Moscow  Limestone  and  Shale 1.50  " 


•l^ 


ri>ial 90i50feet. 

•riiis  is  ilu-  w  ;i\  ill  N\  huh  ihcsf  tivtions  wtrc  ilrsi>:iiate<l  in  the  field  notes,  but  in 
iiiv  pniM-i  on  thi-  "  l^itiiiaN  «>t' the  Hciinilton  i;roiip  of  KiKhtcen  Mile  Crrek  and 
\iriiilt\"   Ihrv  aiv  UltrriMl  tViun  ilu-  lake  shore   ii)i\v:in)s.  the  pment   one  beinR 

Sivlinii    II. 

Il'ml  Hall  asNiv:iis  a  thickiu>s  ot'  ihin v-ihrtx-  iVci  t»»  ihlsi  mck  on  the  shore  of 
l.alo    liiir.     r.t-.il.  Ktpl..  Ith  l>isl..  isi:i.  p.  'J*J7. 

I'llu  w  hoir  tinikncss  oi'ilu-  r.fiuMc  *>n  the  shore  «>l  L.ikc  Krie  is  made  by  Hall 
I  VM  111  \  tliii'f  iiTl  ami  seven  inches. ~ll»i«l.  p.  «»L»1. 
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The  Black  Naples  Shales  (Gardeau  shales).  — These  are 
highly  bituminous,  dark  brown  or  black  shales,  with  a 
chocolate  colored  streak.  They  split  into  thin  layers,  which 
often  have  iridescent  surfaces.  When  struck  with  a  hammer 
they  emit  a  strong  petroleum  odor.  The  joint  fissures  are 
well  developed,  two  sets  usually  being  recognizable.  These, 
together  with  the  fissility  of  the  shales,  often  give  the  cliff 
the  appearance  of  having  been  cut  up  artificially,  smooth 
walls,  projecting  prisms  and  parallelepipeds  resulting,  while 
deep  fissures  frequently  penetrate  into  the  rock.  Fossils  are 
rare  and  consist  mainly  of  plant  remains,  commonly  in  an 
unidentifiable  condition. 

This  rock  forms  the  walls  of  the  gorge  for  man}-  miles 
above  the  bridges,  the  lower  strata  having  entirely  dis- 
appeared beneath  the  bed  of  the  stream.  The  black  shale  is 
succeeded  by  olive  shales,  some  of  which  are  more  sand}' 
than  others,  but  all  are  quite  destitute  of  fossils  as  far  as 
known  at  present.  Without  doubt,  however,  diligent  search 
will  reveal  an  interesting,  though  limited  fauna,  probably 
containing  a  number  offish  remains. 

Although  the  rock  is  generally  deficient  in  calcareous 
material  on  account  of  the  scarcitv  of  fossils,  such  material 
does  occur  at  intervals  in  the  form  of  calcareous  concretions. 
These  are  often  of  great  size — sometimes  eight  or  ten  feet  in 
diameter,  but  usually  much  smaller.  They  are  commonly 
lense  shaped,  though  gobular  or  loaf  shaped  forms  are  not 
uncommon.  Imitative  forms  of  grotesque  appearance  are 
frequent.  The  stratification  is  sometimes  continuous 
through  them,  at  other  times  the  strata  bend  over  and 
under  them  exhibiting  a  crowded  appearance,  as  if  the 
growing  concretion  had  forced  them  ai)art.  It  is  probable, 
however,  that  the  concretion  was  fully  formed  before  the 
lithification  of  the  adjoining  strata  had  t<'iken  place,  and 
that  on  the  contraction  of  the  rock  consecjucnt  ui)on  lithifica- 
tion, the  strata  settled  down,  and  produced  ihis  crowded 
and  bent  appearance.    The  source  of  the  calcareous  material 
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is  to  be  looked  for  in  the  scattered  shells  and  other  calcareous 
remains,  which  were  dissolved  by  the  percolating  waters. 
The  exterior  of  the  concretion  seldom  shows  any  veining, 
but  when  broken,  a  vseries  of  calcite  veins,  usually  branching 
and  intercrossing,  is  seen.  These  veins  are  often  beautifully 
banded,  exhibiting  white  crystalline  calcite  in  the  center,  and 
successive  bands  of  darker  impure  calcite  towards  the  margin. 
The  veins  are  largest  in  the  center  and  thin  out  towards  the 
periphery  of  the  concretion.  When  exposed  to  the  mechanical 
wear  of  the  stream,  and  to  the  solvent  action  of  the  water, 
the  outer  crust  is  removed,  and  as  more  and  more  of  the 
claystonc  is  worn  away  the  veins  begin  to  stand  out  in 
relief,  because  the  pure  cr^^stalline  calcite  is  much  less  soluble 
than  the  amorphous  j)articlcs  which  cement  the  clay.  The 
septate  or  divided  appearance  thus  produced  has  given  rise 
to  the  name  *'septaria,"  commonly  applied  to  this  class  of 
concretions.  Where  a  considerable  portion  of  the  concretion 
has  been  worn  away,  the  calcite  veins — usually  stained 
3X*llow  or  brown  by  hydrous  oxide  of  iron — appear  very 
prominent,  and  by  their  intercrossing  cause  a  resemblance  of 
the  concretion  to  the  back  of  a  turtle,  on  which  account 
these  rocks  arc  often  called  ** turtle  stones,''  **turtle  backs" 
or  "petrified  turtles." 

Large  numbers  of  these  concretions,  derived  from  the  shale 
banks  above  the  bridge,  are  carried  down  every  spring  by 
the  floating  ice,  and  strewn  over  the  flats  and  the  river  bed 
in  the  lower  portion  of  the  gorge,  where  they  form  one  of  the 
curious  attractions,  exciting  commonly  more  interest  than 
the  large  numbers  of  finely  j^reserved  fossils  occuring  with 
them. 

Rcgardiiifi^  the  mode  of  fonnalioii  of  these  concretions  little  is  known. 
They  undoubtedly  hear  a  genetic  relation  to  the  clay  stones  common  in 
uncon.^  olidated  de])osits  in  varions  ])ortions  of  this  and  other  cotintries. 
When  lithifieation  of  the  concretion  he|;ins,  cliiefly  through  the  loss  of 
the  combined  water,  a  radial  contraction  takes  ])lace,  which  mast  be 
towards  the  peri])hery  of  tlie  concretion,  since  the  weight  of  the  super- 
incnnibent  strata  prevents  tlie  formation  of  cracks  in  the  outer  shell. 
Consccinently  the  cracks  are  widest  towards  the  center  and  disappear 


towards  the  ])eri])hery  of  the  concretion.  Whether  the  calcite  and  other 
mineral  matter  filling  thcHc  cracks,  is  derived  from  without,  by  infiltra- 
tion, or  from  the  concretion  ittelf  by  segrcf^ation,  is  still  an  open 
question.  If  the  latter  occurs,  the  i)rocesses  of  widening  of  the  fissures 
by  radial  contraction  of  the  rock  mass,  and  of  segregation  of  the  mineral 
matter  are  probably  simultaneous,  so  that  at  no  stage  are  there  any 
oj^en  fissures. 

The  Gray  Naples  Shales  (Cashaqua  shales). — These  shales 
are  greenish  gray  in  color,  much  less  fissile  than  the  pre- 
ceding, and  prone  to  weather  into  a  tenacious  clav.  The}^ 
embrace  numerous  layers  of  concretions,  but  in  general  these 
do  not  exhibit  the  scptarium  structure.  This  is  probably 
due  to  the  fact  thtit  the  calcareous  matter  is  more  abundant 
in  these  shales  than  in  the  black  shales  above,  and  hence 
the  concretions  partake  more  of  the  nature  of  concretionary 
limestone  masses. 

The  upper  fifteen  feet  of  these  shales,  while  rich  in  concre- 
tions, seem  to  be  very  poor  in  organic  remains,  no  fossils 
having  been  noted  in  them.  They  form  the  lower  part  of  the 
vertical  wall  which  terminates  Philip's  ravine,  but  in  the 
main  section  they  face  the  stream  in  a  vsloping,  more  or  less 
weathered  and  talus  covered  bank,  supporting  vegetation  in 
some  places.  Below  this,  at  the  base  of  the  terminal  wall  of 
Philip's  ravine,  and  forming  a  prominent  band  in  the  main 
section,  is  a  layer  of  calcareous  concretions,  or  better  a  con- 
cretionary bed  of  impure  limestone,  eight  inches  in  thickness. 
This  probably  corresponds  to  J.  M.  Clarke's  '*Goniatite 
concretionary  laj'cr,"*  in  iis  much  as  specimens  o{  Goniatitcs 
are  of  common  occurrence  in  it,  usually  forming  the  nucleus 
of  the  concretion.  Several  species  of  Oonintitcs  occur,  but 
they  are  seldom  found  in  a  good  state  of  preservation.  They 
are  commonlv  found  in  a  vcrv  much  compressed  condition, 
frequently  perfectly  flattened,  and  from  having  been  replaced 
by  iron  pyrites  which  subsequently  oxidized,  much,  if  not  all 
of  the  structure  is  obliterated.  The  external  form  and 
amount  of  involution  therefore  become  the  onlv  characters 

•J.  M.  Clarke:   On  the  higher  Dcvonijin  lauiius  ot"  UiUaiio  County,  N.  Y.     Bull. 
16,  U.  8.  Oeol.  purvey,  1885,  p.  38  ct  acq. 
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by  which  to  identify  the  s{)ecics,  and  this,  at  best,  can  be  but 
an  unsatisfactory'  identification.  In  a  few  cases,  in  the  speci- 
mens collcc*ted,  the  septal  sutures  arc  shown,  allowing  a 
more  precise  determination.  The  most  abundant  and 
characteristic  species  of  (joniatites  in  these  concretions  are 
Gonuititcs  intumcsccns  ( Ikvr. )  and  G.  luthcri  ( Clarke).  The 
non-umbilicatcd  sj)ccies  are  rare,  a  single  doubtful  specimen 
having  been  noted.  Besides  the  Gonintites  a  few  other 
fossils  occur  in  this  rock.     Those  found  are: 

Colcolus  aciculum  I  Hall  |. 
StvlioUna  fissurclla  I  Hall  I . 
Cardiola  retrostriata  I  von  Buch). 
Linf(ula  spa  t via  ta  (  Vanux .  I . 
Chonetes  lepida  (Hall). 

Cardiola  retrostriata  (von  Buch)  is  the  only  other  com- 
mon fossil,  and  although  most  of  the  sj)ecimens  are  small, 
they  show  all  the  characteristic  features.  Lingula  spatulata 
(Vanux.)  is  represented  by  small  specimens  only.  This  and 
the  other  s[)ecies  are  rare. 

In  the  shale  below  the  Goniatite  bearing  layer,  fossils  are 
rare.  Occasionally  iri  the  immediate  neighborhood  of  the 
layer,  Goniatites  occur,  but  these  arc  usually  so  j)oorly  pre- 
served that  specific  determination  is  out  of  the  cjuestion. 
Cardiola  retrostriata  (von  Buch)  also  occurs,  though  much 
less  commonlv  than  in  the  concretionarv  laver.  Lunu- 
lieardium  fra<(ile  (  Hidl )  is  sj>aringly  represented,  and  with  it 
cx*curs  usually  the  minute  pteropod  Styliolina  fissiirella 
(Hall).  Coleolus  aciculum  (Hall)  is  another  sparingly  rep- 
resented siK'cics,  and  a  few  Orthoceratites  occasionally 
(K'cur.  One  well-preserved  specimen  of  Orthoceras  allied  to 
().  incphisto  (Clarke)  was  found. 

On  the  whole,  the  fauna  of  these  beds  is  a  very  meagre  one, 
and  were  it  not  for  the  Goniatites,  which  are  frequently 
found,  lying  at  the  foot  of  the  clitV,  it  might  be  entirely 
overlooked. 


In  Ontario  County  and  the  Genesee  Valley,  this  shale  has  a  much 
greater  thickness,  amounting,  according  to  Hall*  to  abont  150  feet  in 
Ontario  Connty.  Correspondingly  we  find  a  richer  fanna,  sixty-six 
species  having  been  recorded  by  Clarke  in  1885.t  The  fauna  is  rich 
in  GoaiatiteSy  and  as  Clarke  has  shown,  recalls  the  characteristic 
association  of  fossils  found  in  the  "  Intumescens "  beds  of  the  lower 
Upper  Devonian  of  the  continent  of  Europe.  It  is  therefore  regarded  as 
representing  the  transatlantic  development  of  the  European  *'Intu- 
mescens  fauna."  (See  J.  M.  Clarke— "The  fauna  with  Goniatites 
intumescens  (Beyr.)  in  Western  New  York."    Am.  Geol.,  Vol.  VIII,  p.  86.) 

The  Black  Genesee  Shales.— These  shales  recall  the  bitu- 
minous Naples  shales,  the  latter  representing  a  recurrence  of 
the  conditions  under  which  the  bituminous  Genesee  shales 
were  deposited.  These  shales  are  fissile  when  weathered, 
but  appear  heavy  bedded  in  the  fresh  mass.  Pyrite  in 
minute  disseminated  grains,  and  in  larger  concretionary 
masses  is  very  common,  and  from  its  oxidation,  the  surfaces 
of  the  weathered  shale  laminae  are  covered  with  a  coating 
of  red  and  brown  iron  rust.  There  are,  however,  no  large 
calcareous  concretions,  such  as  are  common  in  the  black 
shales  above.  The  jointing  is  very  perfect,  and  frequently 
blocks  produced  by  the  intersection  of  the  joints,  project 
from  the  wall,  ready  to  fall.  The  joint  faces  are  often 
thickly  covered  with  an  efflorescence  of  alumn. 

The  oxidation  of  the  pyrite  famishes  free  sul])huric  acid,  which,  if  in 
exccM,  will  attack  the  shale  and  form  aluminium  sulphate  and  silica. 
The  reactions  mav  be  written : 

a.    2  Fe  S,-f  7  O,  I  2  H,0  -  2  Fe  SO4  \  2U^  SO4. 

6.    6  H,S04 1  Al,(Si  03)3  Al^OjH.t    2  Al^CSi  04)3  }  3  Si  O,  f  8  H^O. 

The  aluminium  sulphate  will  crystallize  in  dr>'  places. 

Fossils  are  rare  in  these  beds  and  consist  mainly  of  the 
characteristic  Genesee  species,  viz:  LunuUcardium  fragile 
(Hall)  and  Styliolina  tissurella  (Hall). 

The  Gray  Genesee  Shales. — These  consist  in  descending 
order  of: 

*6eol.  N.  Y.  Rep't,  4th  Gcol.  Dist.,  1843,  p.  221. 

fBttll,  16  U.S.  Geol.  Sarvcy.    The  nnnihcr  of  iii)ecieii  han  been  added  to  since  then. 

|Tbc  apjnroxlmatc  formula  for  clay  slate. 
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a.  Seven  feet  of  grayish  and  purplish  shales  with  bands  of 
bituminous  shales.  Towards  the  top  these  shales  weather 
considerably,  but  farther  down  they  are  more  resistant,  and 
large  thin  slabs  may  be  obtained. 

b.  Eighteen  inches  of  bituminous  black  shales,  with  two 
bands  of  limestone,  each  an  inch  in  thickness,  and  made  up 
of  the  exuviae  of  the  minute  pteropod  Styliolina  Hssurella 
(Hall). 

This  latter  mass  contains  an  interesting  association  of 
fossils,  representing  a  commingling  of  Hamilton  and  Genesee 
species,  but  with  a  preponderance  of  the  latter.  Lunulicar- 
dium  fragile  (Hall)  is  the  most  abundant  fossil  in  the  black 
shale,  and  with  it  occurs  Styliolina  Bssurella  (Hall),  though 
not  very  commonly,  except  in  certain  places.  Lingula 
spatulata  ( Vanuxem)  is  a  fairly  common  and  well  preserved 
shell,  passing  through  several  variations.  Orthoceras  and 
Bactrites  are  represented  by  small  species,  and  these  with 
Coleolvs  aciculum  (Hall)  are  frequently  replaced  by  iron 
pyrites.  Goniatites  are  rare,  a  few  small  specimens  having 
been  found,  including  G.  lutheri  (Clarke).  Spirifer  tuUius 
(Hall)  is  fairly  well  represented  for  a  normal  Hamilton 
species.  Of  crustacean  remains,  a  small  ostracod — Entomis 
(?)  has  alone  been  found.  Plant  remains  in  an  unidentifiable 
condition  occur  frequentl^^  The  included  limestone  bands 
represent  accumulations  of  enormous  numbers  of  the  small 
tapering  pterepod  tubes  known  as  Styliolina  Hssurella 
(Hall).  To  the  unaided  e^'C  the  limestone  has  a  compact 
appearance,  with  indications  of  a  finely  cr3'stalline  texture 
on  the  broken  surfaces.  Viewed  under  a  magnifier,  the  rock 
appears  finely  cr3^stalline,  and  if  suflSciently  magnified,  is 
seen  to  be  made  up  of  the  very  fine  delicate  needle-like  shells. 
Occasionally  these  are  large  enough  to  be  clearly  visible 
under  an  ordinary  magnifier,  or  even  to  the  naked  eye. 
Most  commonly,  however,  a  considerable  magnification  is 
needed  to  show  the  shells  clearly. 
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The  only  other  fossil  observed  in  these  beds  is  Lingula 
spatulata  (Vanuxem),  which  is  not  uncommon,  and  of 
average  size. 

The  Styliolina  Limestone. — This  is  a  continuous  stratum 
from  four  to  six  inches  thick,  and  oi  a  somewhat  concretion- 
ary character.  It  forms  the  bed  of  the  stream  under  the 
bridge,  and  for  the  greater  part  of  the  distance  fronting  the 
section.  (Plate  IV.).  Its  concretionary  character  is 
brought  out  by  the  differential  solution  which  it  has  under- 
gone, an  irregular  undulating  surface  resulting.  A  part  of 
this  is,  however,  original  structure,  as  shown  by  the  over- 
lying shales  which  conform  to  it.  Near  the  lower  end  of 
this  section  the  stream  has  cut  down  through  this  rock, 
exposing  it  in  its  full  thickness,  together  with  the 
"Conodont"  limestone  and  a  part  of  the  underlying 
Moscow  shales. 

The  Styliolina  limestone  is  usually  very  compact,  without 
any  appearance  of  crystalline  structure.  It  is  highly 
argillaceous,  giving  off  a  strong  clay  odor  when  breathed 
upon.  This  fact  accounts  for  the  great  amount  of  solution 
which  the  rock  has  suffered  on  the  exposed  surfaces.  These 
surfaces  invariably  present  a  dissolved  appearance,  which 
is  not  unlike  an  artificially  smoothened  mass  of  moulding 
clay,  which  still  shows  the  finger  marks  upon  it.  This 
solution  has  brought  out  in  relief  the  contained  organic 
remains  other  than  Styliolina  and  the  otherwise  smooth 
surface  frequently  exhibits  small  projecting  fragments  and 
joints  of  crinoid  stems,  black  shining  **conodonts"  and 
other  minute  organisms.  This  is  especially  true  of  the  under 
side  of  the  bed,  which  thus  exhibits  a  close  relation  to  the 
next  underlying  bed.  The  whole  of  the  limestone  is  made  up 
of  the  exuviae  of  Styliolina  fissurclla  (Hall)  which  frequently 
are  visible  to  the  unaided  e3'e.  The  shells  lie  in  all  positions, 
a  fact  prominently  brought  out  by  thin  sections.     ( Fig.  i). 
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The  Styliolina  (Styliola)  layer  was  first  described  by  Clarke*  from 
Ontario  county  and  adjoining  districts.  It  there  lies  about  twenty  feet 
above  the  base  of  the  Genesee  formation  and  varies  in  jjetrographical 
character  in  its  different  outcrops.  Clarke  has  estimated  that  the  rock 
contains  at  least  40,000  individuals  of  the  Styliolina  to  a  cubic  inch, 
which,  when  the  whole  extent  of  this  limestone  bed  is  taken  into 
consideration,  indicates  an  almost  incredible  numerical  development  of 
these  shells.  According  to  Clarke's  investigationsf  the  shells  have  been 
filled  by  calcic  carbonate,  deposited  in  even  concentric  la\'ers  on  the 
inside  of  the  shell,  a  longitudinal  section  of  a  shell  thus  having  the 
appearance  of  vein  infiltration.  Many  shells  also  have  an  external 
coating  of  calcic  carbonate,  which  like  the  internal  filling,  has  a 
crystalline  structure,  t 

Plant  remains  are  not  uncommon  in  the  Styliolina 
stratum,  these  being  usually  the  trunks  and  other  woody 
parts  of  coniferous  trees,  most  of  which  may  probably  be 
referred  to  the  genus  Dadoxylon  (Unger).  These  tree  trunks 
are  supposed  by  Sir  William  Dawson  to  have  been  carried 
by  river  floods  into  the  sea,  like  modem  drift  wood,  and 
there  buried  in  the  growing  lime  stones  and  shales,  and 
finally  to  have  been  replaced  by  mineral  matter. 

The  genus  Dadoxylon  (Unger)  is  referred  by  Dawson  to  the  yews,§ 
while  Shenkll  classes  it  with  Cordaitcs.  Speaking  of  these  trees  Dawson 
saysH :  "  It "  (the  wood)  **  often  shows  its  structure  in  the  most  perfect 
manner  in  specimens  penetrated  by  calcite  or  silica,  or  by  pyrite,  and  in 
which  the  original  woody  matter  has  been  resolved  into  anthracite  or 
even  into  graphite.  These  trees  have  true  woody  tissues,  presenting 
that  beautiful  arrangement  of  pores  or  thin  parts  enclosed  in  cup  like 
discs,  which  is  characteristic  of  the  coniferous  trees,  and  which  is  a 
great  improvement  on  the  barred  tissue  "  (of  lycopodiaceous  trees)  ".    . 

affording  a  far  more  strong,  tough  and  durable  wood,  such 

as  we  have  in  our  modem  pines  and  yews."  A  remarkable  fossil  wood 
was  described  by  Dawson  under  the  name  Syringoxylon  mirabile°y  from 
a  small  fragment  collected  by  Prof.  Hall — "from  a  limestone  in  the 
upi^er  part  of  the  Hamilton  group"  at  Eighteen  Mile  Creek.  The 
limestone  referred  to  is  probably  the  Styliolina,  or  perhaps  the 
•*Conodont."     The  wood  is  that  of  an  angiospermous  exogen,  the 

•J.  M.  Clarke,  Bull.  16,  U.  S.  Gcol.  Surv.,  p.  14. 
fl^rOc.  cit.,  p.  15. 

JFor  a  detailed   description  of  the   interesting?  optical   phenomena  exhibited  in 
sections  of  these  shells,  see  Clarke,  Bull.  16,  II.  S.  Gcol.  Surv.,  p.  16. 
§Oeol.  Hist,  of  Plants,  1888,  p.  78. 
llZittel  Handb.,  d.  Pal.  2te  Abth.,  p.  870. 
KLoc.  cit.,  pp.  79  and  80. 
°Quart.  Journ.  Geol.  Soc,  Vol.  XVIII.,  p.  305,  1862. 
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specimen  constituting?,  accordin|j^  to  Dawson,  the  sole  representative  of 
this  class  of  trees  in  the  Palaeozoic,  imjilying  "the  existence  in  the 
Devonian  Period  of  trees  of  «i  higher  ;;^ade  than  any  Ihat  are  known  in 
the  Carboniferous  system."* 

The  fossil  wood,  as  It  occurs  in  the  limestone,  is  always 
much  compressed,  and  its  determination  is  attended  with 
considerable  difficulty.  Nevertheless  the  specimens  are 
interesting  as  examples  of  **  petrified  woods  "  related  to,  and 
in  a  sense  ancestral  to,  the  fossil  woods  of  the  Tertiary  and 
Post-tertiary  forests  of  the  west,  which  have  furnished  so 
many  beautiful  and  often  brilliantly  colored  specimens  for 
our  cabinets. 

The  Conodont  Bed. — This  limestone  is  from  two  to  two 
and  one-half  inches  thick,  and  full  of  fossils,  which  on  the 
weathered  surfaces  stand  out  in  relief  The  rock  is  concre- 
tionary, with  thin  masses  of  shale  occupying  the  deeper 
hollows.  In  some  places  masses  of  bituminous  shale  lie 
between  it  and  the  overlying  Styliolina  limestone,  while  in 
others  again  the  two  are  in  contact.  The  rock  is  more 
coarsely  crystalline  than  the  Styliolina  limestone,  and  is 
always  readily  distinguished  from  the  latter. 

The  Conodont  bed  is  interesting  on  account  of  the 
numerous  fish  remains  which  it  contains,  these  being  usually 
the  plates  and  jaws  of  Placoderms,  the  spines  of  Sharks  and 
more  rarely  the  scales  of  Ganoids.  Most  of  the  remains  are 
fragmentary,  though  small  perfect  plates  and  scales  are 
occasionally  found.  When  weathered  in  relief  they  have  a 
highly  dissolved  appearance.  These  fish  remains  are  not 
confined  to  the  Conodont  bed,  but  frequently  pass  upward 
into  the  lower  portion  of  the  Styliolina  limestone. 

Another  characteristic  class  of  fossiljj  in  this  rock  and  the 
one  which  has  given  in  it*s  name,  is  that  of  the  so-called 
**Conodonts/'  These  are  minute  jaw-like  bodies,  black  and 
lustrous,  covering  the  weathered  surfaces  of  the  rock  in  great 

•Lroc.  eit. 
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numbers.  In  form  they  are  very  variable,  no  two  probably 
being  exactly  alike.  A  number  of  species  have  been  de- 
scribed by  Hinde  from  this  bed,  and  they  are  all  illustrated 
in  Part  II.  They  are  composed  of  carbonate  and  phosphate 
of  lime,  and  were  regarded  by  Pander  and  others  as  the 
teeth  of  Myxinoid  fishes.  According  to  Zittel  and  Rohen*, 
however,  they  must  be  regarded  as  jaws  of  Annelids. 

The  Conodoiit  bed  was  described  and  named  by  Hindet,  who  dis- 
covered its  position  in  this  and  the  adjoining  sections  of  Eighteen  Mile 
Creek.  He  referred  it  to  the  Upper  Hamilton,  which  was  clearly 
erroneous,  as  all  its  affinities,  lithological  and  palaeontological  are 
with  the  Styliolina  of  the  Genesee.  This  is  well  shown  by  the  fact  that 
in  places  the  rock  loses  its  distinctive  character  and  is  made  up  of  local 
accumulations  of  Styliolina  fissurella  (Hall). 

Normally  the  rock  is  composed  of  the  fragments  of  crinoid 
stems,  and  probably  some  other  calcareous  remains,  mingled 
with  those  offish  plates  and  corneous  conodonts.  Grains  of 
a  green  mineral,  probably  glauconite,  are  common,  and 
pyrite  likewise  occurs  in  considerable  abundance.  In  a  thin 
section,  fine  quartz  grains  appear  at  intervals.  Altogether 
the  limestone  may  be  regarded  as  a  fragmental  rock,  com- 
posed of  the  broken  remains  of  organisms,  with  a  very  small 
admixture  of  transported  material.  J 

Besides  the  fossils  already  mentioned,  imperfect  specimens 
of  (?)  Ambococlia  umhonata  (Conrad)  have  been  noticed  in 
the  rock,  but  in  general,  the  shells,  if  they  occur,  are  so  poorly 
preserved  as  to  be  unidentifiable. 

•Zittcl  and  Rohen,  "  l^cber  Conodontcn."      Sitzungsber.  Bny.  Akad.  Wissensch. 

Bd.  XVI.,  1KH6. 

tQtjart.  Joum.  Gcol.  Soc.     Vol.  35,  p.  352,  et  seq. 

JSincc  the  above  has  j?one  to  press,  my  friend.  Dr.  Theodore  G.White  of  Columbia 
College  has  examined,  at  my  request,  thin  sections  of  the  Conodont  limestone.  He 
has  kindly  furnished  me  with  the  following  note  concerning  the  petrographic 
character  of  this  rock  :  "The  sections  strongly  resemble  in  appearance  the  silicate 
bunches  occurring  in  the  Archaean  or  Algonkian  limestones  at  Port  Henry,  N.  V., 
near  the  contact  with  the  crystalline  rocks  and  ore  bodies.  The  texture  of  the  rock 
is  distinctly  crystalline  and  the  mineral  fragments  do  not  seem  to  be  water 
rounded.  Magnetite  is  very  abundant  through  the  sections,  accompanied  by 
jtyrite.  liiotitc  ranks  next  in  abundance  and  forms  a  large  proportion  of  the  mass 
of  the  rock.  Scattered  throughout  the  sections  are  long  snreads  of  a  fibrous 
mineral,  white  in  color,  scarcely  pohirizing  and  giving  no  interference  figure.  The 
cxtincticm  angle  is  25"^  to  2S°,  which  would  indicate  that  the  mineral  was  probably 
cynnitc.  It  contains  grains  of  the  magnetite,  as  does  also  the  biotite.  Quartz, 
cnlcite  and  hnrnt)lcnt!v  arc  present  in  lesser  amounts.  One  distinct  and  very 
l>erfect  spherulite  was  o])served." 

In  addition  to  the  above,  the  rock  contains  the  organic  remains  already  noted. 
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The  Conodont,  the  Styliolina,  and  the  overlying  eighteen 
inches  of  bituminous  shale  and  limestone  (b)  may  be  desig- 
nated collectively  as  the  Styliolina  band. 

The  fauna  of  this  band  api)eared  again  nndcr  more  favorable  condi- 
tions during  the  deposition  of  the  Naples  shales,  when  the  (loniatites 
were  ftiuch  more  abundant.  It  did  not,  however,  reach  such  a  luxuriant 
development  in  this  region,  either  in  its  first  or  its  second  apjK^arance. 
as  was  the  case  in  the  Genejfee  Valley.  Clarke  has  noticed  over  fifty 
species  from  the  Styliolina  band  of  that  region,  besides  numerous 
Conodonts  and  fish  remains*.  Careful  exploration  of  these  beds  in  the 
region  about  Eighteen  Mile  Creek  will  undoubtedly  reveal  a  richer  fauna 
than  is  now  known,  though  the  number  of  species  and  individuals  will 
probably  always  be  much  smaller  than  that  characterizing  the  fauna  in 
the  Genesee  Valley. 

The  Conodont  limestone  is  seen  in  this  section  onlv  near 
the  lower  end,  where  the  stream  has  cut  through  the  Stylio- 
lina limestone.  Large  blocks  of  the  rock  are  scattered  about 
in  the  bed  of  the  stream  near  the  lower  end  of  the  section, 
and  for  some  distance  below.  With  them  are  blocks  of  the 
Styliolina  limestone,  of  Corniferous  limestone,  and  occasion- 
ally of  Encrinal  limestone,  these  latter  two  having  been 
carried  by  floating  ice  from  the  bridge,  where  they  were 
brought  for  purposes  of  construction. 

Underlying  the  Conodont  bed  arc  about  two  inches  of 
shale,  which  are  divisible  into  an  upper  chocolate  colored 
band,  frequently  bearing  Styliolina  fissurella  (Hall)  and 
occasionally  Conodonts,  and  a  lower,  almost  unfossiliferous 
gray  band,  which  splits  into  thin  laminae,  with  smooth 
surfaces,  having  a  talcose  feci.  Besides  the  Styliolina,  the 
chocolate  colored  slate  contains  numerous  small,  flattened 
disclike  bodies,  of  a  black  carbonaceous  appearance,  the 
spores  of  plants  allied  to  modern  rhizocar])s.  These  spores, 
(macrospores)  when  viewed  under  the  microscope,  ])resent 
thick,  rounded  rims,  and  a  more  or  less  irregularly  depressed 
centre.  They  are  frecjuently  thickly  scattered  through  the 
shales,  giving  to  them,  in   part  at  least,  their  bituminous 

•Am.  Oeol.,  Vol.  VIII.,  p.  86  et  seq. 
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character.*  Similar  spores  occur  in  vast  numbers  in  Devo- 
nian shales  and  limestones  of  various  parts  of  the  United 
States  and  Canada,  and  to  them  the  name  Sporangites 
{Protosalvinia)  huronensis  was  given  by  Dawson.  Allied 
spores  have  been  discovered  in  widely  separated  localities  all 
over  the  world,  and  they  are  not  infrequently  found  in  such 
quantities  as  to  suggest  that  they  may  play  a  not  unim- 
portant role  in  the  accumulation  of  vegetable  carbon.  In 
the  Devonian  shales  of  this  country  thej'  probably  constitute 
one  of  the  sources  of  petroleum  and  natural  gas.  Spores  are 
occasionally  found  in  the  gray  portion  of  the  shale,  but  they 
are  very  rare. 

The  spores  are,  as  a  rule,  readily  separated  from  the  shale,  and  may 
be  mounted  either  in  balsam  or  drv.  When  viewed  under  the  micro- 
scope  by  transmitted  light,  the  discs  appear  of  an  amber  or  orange  hue, 
translucent  and  structureless,  except  for  minute  spots,  which  are 
regarded  as  pores  in  the  thick  walls.  The  size  varies;  the  ordinary 
specimens  having  a  diameter  of  from  one  seventy-fifths  to  one  one- 
hundreds  of  an  inch  (one-third  to  one-fourth  of  a  millimeter).  Some  of 
the  spores,  however,  are  larger.  Flocculent  carbonaceous  matter  often 
occurs,  associated  with  these  macropores,  probably  representing^  the 
more  or  less  decomposed  microspores. 

These  shales  mark  the  base  of  the  Genesee  stage,  and,  since 
theTully  limestone  is  absent,  the  base  of  the  Upper  Devonian. 

The  Moscow  Shales.  These,  the  upper  shales  of  the  Middle 
Devonian,  are  exposed  near  the  lower  end  of  Section  1,  where 
about  a  foot  is  visible.  The  top  of  the  series  is  formed  by  a 
gray  concretionary  limestone  band,  four  inches  thick  and 
highly  argillaceous.  It  is  a  very  refractory  rock,  and  of  a 
uniform  texture  throughout.  Fossils  are  common,  but  they 
are  chiefly  of  three  species  which  characterize  this  horizon. 
These  are : 

Liorhynchus  multicostus  (Hall). 
Schizobolus  truncatus  (Hall). 
Ambocoelia praeumbona  (Hall). 

•Accordinff  to  Newberry,  the  carbonaceous  matter  of  the  bittiminoas  shales  is 
mainlv  derived  from  the  broken  down  and  carbonized  tissnes  of  al^ae  and  other 
low  plants.  See  his  paper  on  this  sulu^^^t  in  the  Annals  of  the  New  York  Academy 
pf  Sciences,  Vgl.  II.,  No.  12,  1883. 
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The  first  of  these  is  a  form  common  at  various  levels  in  the 
Hamilton  group.  Nowhere,  however,  does  it  occur  so 
abundantly  and  so  well  preserved  as  at  this  level,  and  it  is 
especially  in  the  concretionary  limestone  bed  that  this  fossil 
shows  its  characteristic  outline  and  convexity  of  valves.  It 
is  a  form  eminently  characteristic  of  the  Hamilton  stage, 
giving  way  in  the  Genesee  to  a  form  with  few,  almost 
obsolete  plications,  the  L.  quadricostatus  (Vanuxem),  which 
however,  apparently  did  not  flourish  in  this  vicinity.  Schizo- 
bolus  truncatus  (Hall)  (Fig.  85,  Pt.  H.)  is  a  characteristic 
Genesee  fossil,  not  commonly  occurring  below  that  forma- 
tion. In  fact,  this  appears  to  be  the  first  locality  from  which 
this  fossil  has  been  recorded  as  occurring  in  the  Hamilton 
beds,  and  its  occurrence  here  is  in  direct  accord  with  the  slow 
change  from  Hamilton  to  Genesee  conditions  which  took 
place  in  this  portion  of  the  Interior  Devonian  Sea.*  It  is  a 
noteworthy  fact  that  this  species  has  not  been  found  in  the 
Genesee  shales  of  this  region,  though  it  seems  to  be  a 
characteristic  fossil  of  that  formation  in  the  Genesee  Valley 
and  eastward.  It  usually  occurs  in  the  limestone  bed  as 
separate  valves,  not  infrequently  showing  the  interior  of  the 
valves.  Where  the  true  surfaces  of  the  valves  are  exposed, 
either  internal  or  external,  these  commonly  have  a  bluish- 
gray  color,  w^hich  seems  to  be  characteristic,  and  due  to  the 
corneous  character  of  the  shell. 

Ambocoelia praeumbona  (Hall)  (Fig.  127,  Pt.  H.)  while  a 
characteristic  Hamilton  fossil,  is,  in  this  region  entirely 
restricted  to  the  upper  part  of  the  Moscow  shales.  It  is  an 
abundant  and  well-preserved  form  in  the  concretionary  lime- 
stone bed,  retaining  its  normal  convexity  in  both  valves. 
The  specimens  vary  considerably  in  size,  and  occur  usually 
as  separate  valves,  their  surface  characters  commonly 
obliterated  through  the  exfoliation  of  the  outer  layers  of  the 
shell.      Brachial   valves    are    cjuitc    as  common   as  pedicle 


•See  Chapter  III. 
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valves,   and  are  at  once  recognized  by  their  semi-elliptical 
outline,  slight  convexity  and  straight  hinge  line. 

These  three  species  occupy  the  rock  almost  to  the  exclusion 
of  every  other  form,  and  constitute  a  distinct  association  of 
fossils,  which  is  characteristic  of  the  upper  part  of  the 
Moscow  shale  of  this  region.  The  fauna  thus  produced  con- 
stitutes the  **Schizobolus  fauna,*' named  so  after  its  most 
characteristic  member,  and,  inasmuch  as  it  contains  typical 
Hamilton  and  typical  Genesee  fossils,  it  is  a  true  transition 
fauna  from  the  Middle  to  the  Upper  Devonian  of  this  region. 

The  most  fossiliferous  portion  of  the  rock  is  that  portion 
having  the  character  of  individual  concretions.  The  more 
continuous  portion  of  the  bed,  while  containing  these  fossils, 
is  nevertheless  comparatively  barren. 

The  limestone  rests  on  gray  calcareous  shale,  readily  split- 
ting into  thin  hwers,  and  moderately  fossiliferous.  On  the 
surfaces  to  which  air  and  water  have  access  whitish  or 
vcllowish  in-anules  can  usuallv  be  observed  scattered  thicklv 
over  the  shale  and  the  fossils.  Sometimes  these  aresocloselv 
crowded  as  to  give  the  rock  an  oolitic  appearance.  Under  a 
lens  these  granules  appear  dull,  rounded  or  disclike,  but 
under  a  microscope  they  a])])ear  to  be  bunches  or  aggregates 
of  small  crvstals.  Analvsis  shows  them  to  be  crystals  of 
gypsum  (hydrous  sulphate  of  calcium).  The  origin  of  these 
crystals  is  explained  by  the  occurrence  of  pyrite  grains  and 
nodules  in  considerable  number  in  the  shale.  These  by 
oxidation  form  sulphate  of  iron,  which  reacts  with  the 
calcium  carbonate  in  the  shale  and  produces  calcium 
sulphate.  Free  sulphuric  acid  is  likewise  formed,  which 
reacts  with  the  calcium  carbonate  to  form  calcium  sulphate, 
water  and  carbon  dioxide.  The  calcium  sulphate,  from  the 
presence  of  water  during  its  formation  will  be  hydrated. 
The  formation  of  the  gypsum  is  probably  going  on  con- 
stantly, just  as  the  alum  is  constantly  forming  on  the  ex- 
posed laminae  of  the  Genesee  and  other  bituminous  shales.* 

•Sec  the  reactions  giyen  in  Chapter  II, 
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This  shale  well  repays  careful  study,  for  in  it  occur  a  large 
number  of  those  minute  problematical  bodies,  the**Cono- 
donts.**  They  are  readily  detected  by  the  use  of  a  lens,  and 
from  the  nature  of  the  rock  in  which  they  are  imbedded, 
they  are  in  an  excellent  state  of  preservation,  and  afford 
interesting  objects  for  microscopic  stud3\ 

Ambocoelia  praeumbona  (Hall)  occurs  in  considerable 
numbers  in  some  portions  of  this  shale,  but  the  specimens 
are  smaller  on  the  average  than  those  found  in  the  cal- 
careous bed  above.  Liorhynchus  multicostus  (Hall)  also 
occurs,  the  specimens  occasionally  attaining  great  size. 
Some  of  the  specimens  of  this  species  from  these  shales, 
approach  much  more  closely  to  the  typical  L.  quadricostatus 
(Vanuxem)  of  the  Genesee  than  any  of  those  found  either 
above  or  below.  Besides  these,  the  minute  pteropod  Stylich 
Una  iissureUa  (Hall)  occurs,  often  in  considerable  numbers, 
on  the  laminae  of  the  shale. 

Section  2  (G). 

Plate  V. 

This  section  is  a  very  short  one,  being  scarcely  more  than 
three  hundred  and  fifty  feet  in  length.  It  is  cut  in  the  left 
bank  of  the  stream,  and  extends  in  the  same  general  direc- 
tion as  the  preceding  one.  The  dip  of  the  strata  is  greater 
than  that  of  Section  1,  being  about  2.5  degrees  to  the  south- 
east. A  large  portion  of  this  section  is  covered  by  the  de- 
composed shale  which  the  rains  have  carried  down  from 
above,  and  on  which  a  strong  growth  of  vegetation  has 
become  established,  obscuring  the  rocks  underneath.  In 
consequence  of  this,  the  upper  strata  are  well  exposed  only 
near  the  up-stream  end  of  the  section,  but  from  the  steepness 
of  the  bank  at  this  point  the  study  of  these  strata  is 
attended  with  considerable  difficult  v. 

The  Black  Naples  Shales  ap])ear  at  the  to])  of  this  section, 
and  they  are  again  exposed  in  a  **dug  way''  which  leads 
from  the  terrace,  just  beyond  the  section,  to  the  top  of  the 
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bank.  The  whole  of  the  Gray  Naples  or  Cashaqua  shales  is 
exposed  in  this  section  and  the  concretions  are  numerous. 
Those  of  the  Goniatite  stratum  are  frequently  found  at  the 
foot  of  the  section,  where  they  have  fallen  on  being  loosened 
by  frost  action  and  the  disintegration  of  the  bank.  The 
specimens  of  Goniatites  in  these  concretions,  as  in  those  of 
Section  1,  are  much  compressed,  and  only  the  outline  and 
the  degree  of  involution  of  the  respective  species  are  as  a  rule 
discernable. 

The  Genesee  shales  show  the  same  characteristic  as  in 
Section  1.  The  upper  bituminous  portion  projects  in  masses 
bounded  by  joint  planes,  and  where  these  masses  have  fallen 
after  the  removal  of  the  support,  smooth  walls  remain,  on 
which  frequently  may  be  observed  an  efBorescens  of  alum. 
The  shales  usually  present  the  rusty  surfaces  on  their 
laminae  which  result  from  the  oxidation  of  the  pyrite.  The 
lower  portion  of  the  Genesee  is,  as  everywhere  in  this  region, 
represented  by  about  eight  feet  of  grayish  shale  with  a  few- 
bituminous  bands,  and  grades  below  into  the  Styliolina 
band.  This  has  much  the  character  noticed  at  Section  1, 
except  that  the  Styliolina  limestone  is  about  ten  inches 
thick.  In  the  black  shale  of  the  *'band'*  spores  are  not 
uncommon,  while  Lunulicardium  fragile  (Hall)  and  Stylio- 
lina Ussurella  (Hall)  are  the  only  other  abundant  fossils. 
The  Conodont  limestone  is  chiefly  represented  in  the  up- 
stream end  of  the  section.  Here  it  is  about  three  inches 
thick,  less  compact  than  at  Section  1,  and  rich  in  crinoid 
joints,  which  on  the  weathered  surfaces  stand  out  in  relief. 
This  causes  the  rock  to  contrast  strongly  with  the  over- 
lying Styliolina  limestone,  which  always  has  a  dissolved 
appearance,  owing  to  the  uniformity  of  its  texture.  Near 
the  middle  of  the  section,  the  Conodont  bed  dwindles  in 
thickness  to  less  than  an  inch,  and  finally  appears  onU'  as  a 
thin  coating  on  the  under  side  of  the  Styliolina  limestone. 

From  the  erosion  of  the  soft  Moscow  shales  the  Conodont 
and  Styliolina  limestones  together  project  for  some  distance 
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beyond  the  bank,  frequently  forming  an  overhanging  shelf, 
which  in  the  course  of  tinie  will  break  down,  carrying  with 
it  large  masses  of  the  overlying  shale.     (See  Fig.  b,  Pt.  V. ). 

About  four  feet  of  the  Moscow  shales  are  exposed  near 
the  lower  end  of  the  section.  The  concretionary  limestone 
bed  which  capped  the  shale  at  Section  1 ,  is  here  represented 
by  a  layer  of  scattered  concretions  which  contain  a  few 
fossils,  principally  Liorhynchus  multicostus  (Kail).  About 
a  foot  below  this  is  a  second  layer  of  concretions,  double  in 
many  places,  and  more  continuous  than  the  upper  one.  The 
shale  between  these  two  layers  of  concretions  contains  the 
Schizobolus  fauna,  i.e.  Schizobolus  tn/ncat  us  (Hall),  Lior- 
hynchus multicostus  (Hall)  and  Ambocoelia  praeumbona 
(Hall).  The  first  of  these  is  quite  common  and  well  pre- 
served. Large  individuals  of  the  other  two  are  common, 
but  the  shells  exfoliate  so  strongly  that  the  original  surface 
characters  are  seldom  preserved  in  the  specimens  obtained. 

About  four  inches  below  the  lower  bed  of  concretions,  or 
from  fourteen  to  sixteen  inches  below  the  top  of  the  Moscow 
shales,  occurs  a  band  of  pyrite  concretions,  some  of  which 
are  of  considerable  size.*  They  are  highly  impure,  and  when 
oxidized  show  as  a  brown  band  in  the  cliff.  L.  multicostus 
(Hall)  occurs  abundantly  down  to  the  pyrite  layer,  after 
which  it  becomes  rare.  Ambocoelia  praeumbona  (Hall)  is 
common,  however,  throughout  the  exposed  portion  of  the 
shale  in  this  section. 

In  the  lower  beds  of  this  section  a  dwarfed  form  of 
Spinier  tullius  (Hall)  occurs,  a  species  which,  in  this  region, 
appears  to  be  wholly  restricted  to  the  up])er  Moscow  shales. 
Schizobolus  truncatus  (Hall)  occurs  occasionally,  but  fossils 
on  the  whole,  are  rather  uncommon.  The  characteristic 
association,  however,  of  three  s])ecies  restricted  to  the  upper 
Moscow  shale,  namely:  Spirilcr  tullius  (Hall),  Ambocoelia 
praeumbona    (Hall)    and    Schizobolus    truncatus    (Hall), 

*M7   attention   was   first  called  to  thLs   band    and  its   persistence  in  the   uther 
sections  by  Prof.  I.  P.  Bishop. 
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establish  a  distinct  fauna — ^the  Spirifer  tuUius  fauna — which 
occupies  the  upper  four  feet  of  the  Moscow  shales  of  this 
region.*  The  Schizobolus  fauna  (or  faunule)  is  merely  the 
last  phase  of  this  fauna,  where  Spirifer  tuUius  (Hall)  has 
disappeared,  while  Schizobolus  truncatus  (Hall)  and  Lior- 
hynchus  multicostus  (Hall)  have  reached  a  great  numerical 
development. 

Between  Sections  1  and  2,  the  Moscow  shale  is  exposed  in 
various  portions  of  the  stream  bed. 

Section  3  (F). 

Plate  VI. 

This  section  extends  almost  due  north  and  south,  and  it 
forms  a  projecting  point,  the  termination  of  a  semi-circular 
wooded  rock  wall,  which  itself  is  an  extension  of  Section  1. 
In  front  of  this  cliff  is  an  extensive  **flat'*  or  terrace,  rising 
four  feet  or  more  above  the  river  bed.  The  portion  of  the 
cliff  showing  the  rocks  is  only  about  five  hundred  feet  long. 
It  is  kept  clear  of  talus  by  the  stream,  which  washes  its 
base.  The  most  prominent  rock  of  the  cliff  is  the  black 
fissile  and  much  jointed  upper  Genesee  shale,  which  here  as 
everywhere,  projects  from  the  bank.  The  Gray  Naples  or 
Cashaqua  shales  appear  above  it,  and  in  some  parts  of  the 
section,  a  portion  of  the  Black  Naples  (Gardeau)  shales  can 
be  seen.  The  lower  Genesee  shales  form  the  greater  portion 
of  the  remainder  of  the  cliff,  while  only  a  slight  thickness  of 
the  Moscow  shales  appears.  The  Styliolina  projects  as  a 
shelf  from  the  bank,  and  on  its  under  side  frequently  patches 
of  the  crystalline  Conodont  limestone  appear,  never,  how- 
ever, exceeding  a  fraction  of  an  inch  in  thickness.  The  beds 
dip  about  one  degree  to  the  south. 

Of  the  Moscow  shales,  eighteen  inches  are  exposed  at  the 
lower  (southern)  end  of  the  section,  and  three  feet  at  the 
upper   (northern)    end.      The    shale   embraces  a  very  con- 

•For  a  complete  list  of  the  species  of  this  fauna  sec  "  Faunas  of  the  Hamilton 
Group  of  Hijfhteen  Mile  Creek  and  Vicinity." 
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titiuous  layer  of  calcareous  concretions,  one-half  foot  below 
the  top  at  the  upper  end  and  one  foot  below  the  top  at  the 
southern  end.  This  layer,  therefore,  dips  to  the  south  at  a 
higher  angle  than  does  the  Styliolina  bed.  It  corresponds 
to  the  lower  of  the  two  layers  of  concretions  noticed  in 
Section  2,  the  shale  over  it  containing  the  Schizobolus  fauna. 
In  the  shale  beneath  the  concretions,  a  considerable  variety 
of  fossils  occur,  most  of  which,  however,  are  but  sparingly 
represented.  The  characteristic  Hamilton  trilobite  Phacops 
rana  (Green)  is  not  uncommon,  while  a  minute  pteropod, 
the  Tentaculites  gracilistriatus  (Hall)  occurs  in  great  abund- 
ance in  a  layer  less  than  half  an  inch  think.  This  species 
occurs  by  the  hundreds  on  the  shale  laminae,  closely  re- 
sembling the  Styliolina  fissurella  (Hall),  and  showing  a 
similar  longitudinal  line  of  com])ression.  The  concentric 
rings  or  annulations,  however,  which  arc  characteristic  of 
the  genus,  serve  to  distinguish  it  at  once.  Spirifcr  tullius 
(Hall)  is  also  a  frequent  and  characteristic  fossil. 

Just  beyond  the  lower  end  of  the  section,  in  the  bed  of  the 
stream,  appears  a  small  anticlinal  fold,  the  axis  of  which 
extends  nearly  north  and  south.  The  fold  indicates  a  lateral 
compression  of  the  strata,  as  a  result  of  which  they  were 
crushed  and  uplifted.  The  line  of  weakness  thus  produced 
probably  determined  th^  course  of  erosion,  which  has  re- 
moved the  overlying  rock.  In  the  shale  thus  crushed  occur 
a  large  number  of  the  spiny  brachiopod  Productella  spinu- 
licosta  (Hall),  none  of  which,  however,  retain  their  original 
outline.  The  long  slender  curved  spines  appear,  however,  in 
great  numbers  on  the  shale,  an  occurrence  nowhere  else 
observed.    (Fig.  112,  Pt.  II.). 

Section  4  (E). 

Platk  VII. 

This  section  is  cut  into  the  left  bank  of  the  stream,  begin- 
ning opposite  the  southern  end  of  Section  3,  and  extending 
in  a  general  north-west  direction.    Opposite  it  is  the  deepest 
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establish  a  distinct  fauna — the  Spirifer  tullius  fauna — which 
occupies  the  upper  four  feet  of  the  Moscow  shales  of  this 
region.*  The  Schizobolus  fauna  (or  faunule)  is  merely  the 
last  phase  of  this  fauna,  where  Spirifer  tullius  (Hall)  has 
disappeared,  while  Schizobolus  truncatus  (Hall)  and  Lior- 
hynchus  multicostus  (Hall)  have  reached  a  great  numerical 
development. 

Between  Sections  1  and  2,  the  Moscow  shale  is  exposed  in 
various  portions  of  the  stream  bed. 

Section  3  (F). 

Plate  VI. 

This  section  extends  almost  due  north  and  south,  and  it 
forms  a  projecting  point,  the  termination  of  a  semi-circular 
wooded  rock  wall,  which  itself  is  an  extension  of  Section  1. 
In  front  of  this  cliff  is  an  extensive  **flat ''  or  terrace,  rising 
four  feet  or  more  above  the  river  bed.  The  portion  of  the 
cliff  showing  the  rocks  is  only  about  five  hundred  feet  long. 
It  is  kept  clear  of  talus  by  the  stream,  which  washes  its 
base.  The  most  prominent  rock  of  the  cliff  is  the  black 
fissile  and  much  jointed  upper  Genesee  shale,  which  here  as 
everywhere,  projects  from  the  bank.  The  Gray  Naples  or 
Cashaqua  shales  appear  above  it,  and  in  some  parts  of  the 
section,  a  portion  of  the  Black  Naples  (Gardeau)  shales  can 
be  seen.  The  lower  Genesee  shales  form  the  greater  portion 
of  the  remainder  of  the  cliff,  while  only  a  slight  thickness  of 
the  Moscow  shales  appears.  The  Styliolina  projects  as  a 
shelf  from  the  bank,  and  on  its  under  side  frequently  patches 
of  the  crystalline  Conodont  limestone  appear,  never,  how- 
ever, exceeding  a  fraction  of  an  inch  in  thickness.  The  beds 
dip  about  one  degree  to  the  south. 

Of  the  Moscow  shales,  eighteen  inches  are  exposed  at  the 
lower  (southern)  end  of  the  section,  and  three  feet  at  the 
ui)per   (northern)    end.      The    shale    embraces  a  very  con- 

•For  a  complete  list  of  the  siK*cic8  of  this  fauna  sec  "Faunas  of  the  Hamilton 
Group  of  I5i>?htecn  Mile  Creek  and  Vicinity." 
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titiuous  layer  of  calcareous  concretions,  one-half  foot  below 
the  top  at  the  upper  end  and  one  foot  below  the  top  at  the 
southern  end.  This  layer,  therefore,  dips  to  the  south  at  a 
higher  angle  than  does  the  Styliolina  bed.  It  corresponds 
to  the  lower  of  the  two  layers  of  concretions  noticed  in 
Section  2,  the  shale  over  it  containing  the  Schizobolus  fauna. 
In  the  shale  beneath  the  concretions,  a  considerable  variety 
of  fossils  occur,  most  of  which,  however,  are  but  sparingly 
represented.  The  characteristic  Hamilton  trilobite  Phacops 
rana  (Green)  is  not  uncommon,  while  a  minute  pteropod, 
the  Tentaculites  gracilistriatus  (Hall)  occurs  in  great  abund- 
ance in  a  layer  less  than  half  an  inch  think.  This  species 
occurs  by  the  hundreds  on  the  shale  laminae,  closely  re- 
sembling the  Styliolina  fissurclla  (Hall),  and  showing  a 
vsimilar  longitudinal  line  of  compression.  The  concentric 
rings  or  annulations,  however,  which  arc  characteristic  of 
the  genus,  serve  to  distinguish  it  at  once.  Spirifcr  tullius 
(Hall)  is  also  a  frequent  and  characteristic  fossil. 

JUvSt  beyond  the  lower  end  of  the  vscction,  in  the  bed  of  the 
stream,  appears  a  small  anticlinal  fold,  the  axis  of  which 
extends  nearly  north  and  south.  The  fold  indicates  a  lateral 
compression  of  the  strata,  as  a  result  of  which  they  were 
crushed  and  uplifted.  The  line  of  weakness  thus  produced 
probably  determined  th^  course  of  erosion,  which  has  re- 
moved the  overlying  rock.  In  the  shale  thus  crushed  occur 
a  large  number  of  the  spiny  brachiopod  Productella  spinu- 
licosta  (Hall),  none  of  which,  however,  retain  their  original 
outline.  The  long  slender  curved  spines  appear,  however,  in 
great  numbers  on  the  shale,  an  occurrence  nowhere  else 
observed.    (Fig.  112,  Pt.  II.). 

Section  4  (II). 

Pl.ATK    VII. 

This  section  is  cut  into  the  left  bank  of  the  stream,  begin- 
ning opposite  the  southern  end  of  Section  3,  and  extending 
in  a  general  north-west  direction.    Opposite  it  is  the  deepest 
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portion  of  the  creek,  and  when  the  water  is  high,  it  is 
practically  impossible  to  pass  along  the  foot  of  the  cliff. 
The  greatest  height  of  the  section  is  seventy-seven  feet,  but 
it  becomes  much  lower  towards  its  down-stream  end.  The 
dip  of  the  strata,  as  determined  from  the  Styliolina  lime- 
stone, is  about  four  degrees  to  the  south-east,  giving  an 
average  rise  of  one  foot  in  one  hundred  and  fifty.  The 
section  has  a  length  of  about  six  hundred  feet. 

At  the  upper  end  of  the  section,  between  twenty-five  and 
thirty  feet  of  the  Black  Naples  (Gardeau)  shales  are  exposed, 
the  line  of  demarkation  between  them  and  the  underlying 
Cashaqua  shales  being  very  distinct.  (See  Fig.  a,  PI.  VII.). 
The  whole  of  the  latter  shales  are  exposed,  including  seven 
distinct  courses  of  concretions.  The  line  of  separation 
between  the  Cashaqua  and  the  Genesee  shales  is  not  so 
strongly  defined,  the  latter,  however,  exhibiting  their 
characteristic  jointing  and  fissility.  (Fig.  b,  PI.  VII.).  The 
Styliolina  limestone  has  a  thickness  often  inches,  its  upper 
portion  having  a  shaly  character.  At  the  upper  end  of  the 
section  it  forms  the  basal  layer,  projecting  as  an  extensive 
shelf  beyond  the  bank.  Its  surface  here  is  very  uneven, 
showing  the  same  semi-concretionary  character  exhibited 
under  the  bridge  at  Section  1,  and  wherever  a  large  area  of 
its  surface  is  exposed.  At  the  lower  end  of  the  section  the 
Styliolina  limestone  is  about  four  feet  higher,  and  frequently 
projects  from  the  bank  when  the  shale  beneath  has  been 
worn  away.  The  disintegration  and  falling  of  the  shales 
above  furnish  material  for  the  accumulation  of  a  talus  on 
this  shelf,  which  may  remain  in  this  position  long  enough 
for  vegetation  to  grow.  Sooner  or  later,  however,  the 
undermining  is  carried  so  far  that  the  projecting  limestone 
blocks  break  off,  and  with  their  loads  of  debris,  tumble  into 
the  stream.  The  Conodont  limestone  is  not  represented  in 
this  section. 

The  whole  four  feet  of  the  upper  Moscow  shales,  which 
contain  the  Spirifer  tullius  fauna,  arc  exposed  at  the  lower 
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end  of  the  section.  The  lowest  portion  of  this  mass  of  shale 
contains  chiefly  Ambocoelia  pracumbona  (Hall),  which  for 
the  first  time  made  its  appearance  in  this  region,  and  con- 
tinued to  the  close  of  the  Hamilton  or  Mesodevonian  period. 
The  characteristic  species  of  this  fauna  all  occur  in  these 
shales,  the  type  species  Spirifer  tullius  ( Hall)  having  its  best 
development  near  the  middle  of  the  series.  The  layer  of  con- 
cretions which  marks  the  downward  limit  of  the  Schizobolus 
sub-fauna  (faunule),  appears  again  in  this  section.  It  is 
usually  double,  and  very  continuous.  At  the  upper  end  of 
the  section  it  is  twelve  inches  below  the  Styliolina  limestone, 
while  at  the  lower  end  it  is  only  four  inches  below  that  rock. 
The  point  of  first  appearance  of  this  layer  in  Section  4  is  just 
opposite  the  southern  end  of  Section  3.  In  both  places  the 
layer  is  a  foot  below  the  Styliolina  band,  and  approaches  it 
as  we  go  northward. 

The  shale  between  this  layer  and  the  Styliolina  limestone 
is  especially  rich  in  Liorhynchus  multicostus  (Hall),  which 
occurs  by  the  hundreds  between  certain  of  the  shale  laminae. 
Many  of  the  specimens  are  of  great  size,  but  the  shell  com- 
monly breaks  away,  while  the  specimens  usually  present  a 
compressed,  semi-crushed  appearance.  The  other  members  of 
the  Schizobolus  sub-fauna  are  by  no  means  rare.  The  layer 
of  pyrite  nodules  noticed  in  Section  2  is  sparingly  repre- 
sented here,  occuring  in  a  similar  position. 

At  the  lower  end  of  the  section  the  Genesee  shales  form  the 
top  of  the  bank,  which  is  here  much  lower  than  elsewhere. 
Beyond  the  end  of  the  section,  where  a  roadway  leads  to  the 
top  of  the  bank,  is  the  mouth  of  **  Fern  brook ''  ravine,  which 
is  cut  back  nearly  to  the  main  road,  and  terminates  in  a 
vertical  wall,  over  which,  in  wet  weather,  the  drainage  of  a 
considerable  portion  of  country  descends  as  a  fall.  In  this 
ravine  only  the  Upper  Devonian  shales  are  expOvSed,  and  it 
is  a  place  more  frequented  by  the  botanist  than  by  the 
geologist. 
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Between  this  section  and  the  next,  there  is  a  long  reach  of 
the  stream,  banked  bv  no  well  cut  sections.  There  are 
numerous  exposures  in  the  bed  of  the  stream,  however,  and 
these  allow  an  examination  of  the  shale  underlying  that 
which  bears  the  Spirifer  tullius  fauna.  The  greater  portion 
of  these  ** middle  Moscow*'  shales  is  barren,  and  one  may 
search  for  hours  without  finding  a  single  specimen.  Near 
the  middle  of  the  mass,  however,  about  eight  or  nine  feet 
below  the  Styliolina  band,  occurs  a  thin  layer  containing  an 
abundance  of  the  nearly  circular  brachiopod  Orbiculoidea 
media  (Hall).  Associated  with  this  species  are  specimens  of 
Schizobolus  truncatus  (Hall),  this  being  the  lowest  position 
in  the  Hamilton  strata,  in  which  this  species  has  been  found. 

As  we  approach  the  bottom  of  the  Moscow  shale,  fossils 
become  abundant  again,  the  first  to  do  so  being  the  trilobite 
Phacops  rana  (Green),  of  which  very  good  and  large  speci- 
mens may  be  obtained.  These  lower  Moscow  beds  should 
be  explored  when  the  water  in  the  stream  is  low,  the  shale 
in  the  sti'cam  bed  being  much  more  accessible  than 
that  in  the  bank  at  Section  5.  Just  before  reaching  this 
latter  section,  the  stream  descends  over  the  hard  Encrinal 
limestone  bed,  which  separates  the  Moscow  shales  from  the 
Hamilton  shales  proper. 

It  is  above  this  fall,  in  the  bed  of  the  stream,  that  the 
lower  Moscow  shales  are  best  exposed.  The  fossiliferous 
portion  comprises  about  five  feet  of  the  shale,  which  is 
characterized  by  an  association  of  species,  differing  from 
that  at  other  levels.  The  robust,  short  winged,  sparingly 
plicated  Spirifer  called  in  the  old  reports  S.  zigzag  (Hall) 
from  the  zigzag  surface  striae,  but  the  correct  name  for 
which  is  S.  consobrinus  (D'Orb.)  is  entirely  restricted  to 
these  shales,  and  gives  its  name  to  the  fauna.  Besides  the 
type  species,  the  Spirifer  consobrinus  fauna  comprises  a 
large  number  of  si:)ecies  which  are  common  only  at  this  level, 
while  a  few   are    entirely    restricted  to  it.*     In  the  shale 

•For  a  complete   list  of  the  fossilM  of  this  fauna  sec  the  author's. paper  on  the 
"Faunas  of  the  Hamilton  Group,  etc." 


27 

immediately  above  the  Encrinal  limestone  occur  vast  num- 
bers of  the  small  Ambocoelia  umbonata  (Conrad),  with  the 
sinus  or  depression  in  the  centre  of  the  convex  valve.  (Fig. 
125,  Pt.  II. ).  This  fossil  in  some  places  almost  makes  up  the 
rock,  and  for  a  few  inches  in  thickness  scarcely  any  other 
fossils  occur.  Occasionally  crushed  specimens  of  Athyris 
spiriferoides  (Eaton)  occur  with  it,  this  fossil  when  first  ex- 
posed having  a  white  or  calcined  apj^arance.  A  little  higher 
up,  the  large  flat  Stropheodonta  perplana  (Conr. )  occurs  in 
considerable  numbers,  and  with  it  a  small  patella-like 
brachiopod— the  Phoh'dops  hamiltonise  (Hall).  The  small 
conical  coral  Streptelasma  rectum  (Hall)  is  also  found. 
Other  corals  occur,  making  up  the  ** coral  layer,''  which  is  so 
well  exposed  in  Section  5,  under  which  it  will  be  described. 
The  shale  from  two  to  three  feet  above  the  Encrinal  lime- 
stone is  rich  in  two  small  species  of  Chonctes,  which  are 
very  similar  to  each  other,  and  both  of  which  are  char- 
acterized by  the  possession  of  laterally  projecting  spines. 
These  are  C.  deHecta  (Hall)  and  C.  mucronata  ( Hall).  The 
type  species,  Spirifer  consobrinits  (I)'Orb.)  is  likewise  abund- 
ant in  this  portion  of  the  rock.  Above  this  Ambocoelia 
umbonata  (Conr.)  gradually  disappears,  while  the  coarser 
brachiopod  Atrypa  reticularis  (Linn.)  and  the  corals 
Streptelasma  rectum  (Hall)  and  several  species  of  Cysti- 
phyllum  become  quite  abundant.  A  few  crinoids  also  occur. 
The  trilobite  Phacops  rana  (Green)  occurs  throughout  the 
five  feet  of  shale  containing  this  fauna,  and  it  is  the  last  to 
disappear.  Finally,  it  too,  is  no  longer  represented,  and  the 
shale  is  barren  to  the  base  of  the  Spirifer  tullius  fauna, 
except  for  the  thin  band  with  Orbiculoidcn  media  (Hall) 
already  noticed. 

Section  5    (I)). 

Plates  VIII  and  IX. 

This  is  by  far  the  longest  and  most  interesting  section  in 
the  gorge.    It  lies  on  the  right  side  of  the  stream,  and  begins 
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some  little  distance  above  the,  fall  formed  by  the  outcrop  of 
the  Encrinal  limestone.  The  len^h  of  the  section  below 
the  fall  is  about  2200  feet,  and  the  chord  of  the  crescent  de- 
scribed by  it,  extends  approximately,  east  20  degrees  north, 
by  west  20  degrees  south,  which  is  about  the  direction  of  the 
strike  of  the  strata  in  this  region.  This  accounts  for  the  fact 
that  the  strata  appear  horizontal  in  the  section.  The  dip 
may  be  observed  at  the  fall  near  the  head  of  the  section.  On 
the  right  side  of  the  fall  the  limestone  commonly  projects 
above  the  water,  while  on  the  left  side  it  is  a  foot  or  more 
below  the  ordinary  water  level. 

In  the  section  appear  representatives  of  the  strata  from 
the  black  Naples  (Gardeau)  shales  to  the  Hamilton  shales. 
The  former  are  represented  by  their  lower  five  or  ten  feet 
onlv,  which  form  a  vertical  face  under  the  influence  of  the 
perfect  jointing  developed  in  them.  The  gray  Naples  or 
Cashaqua  shales  are  represented  in  their  entirety,  and  form 
a  more  or  less  sloping  bank  under  the  vertical  cliff  of 
Gardeau  shales.  Beneath  the  gray  Naples  shales,  another 
vertical  cliff  is  formed  bv  the  black  Genesee  shales,  which  in 
many  places  overhang  the  rock  below,  presenting  smooth 
joint  faces,  and  projecting  prisms  and  parallelepipedons, 
nearly  separated  from  the  main  wall  and  dangerously  in- 
secure. Frequent  falls  of  rock  from  a  height  of  about  thirty 
feet,  furnish  abundant  material  for  examination,  at  the  same 
time  making  the  collecting  of  the  fossils  from  the  extremely 
rich  Hamilton  fauna  at  the  base  of  the  cliff,  a  hazardous 
undertaking. 

The  Genesee  shales  in  their  fresh  condition,  are  heavy 
bedded,  and  large  blocks  will  hold  together  quite  firmly.  On 
weathering,  however,  probably  by  the  oxidation  of  the 
pyrite  gi*ains  which  are  plentifully  scattered  through  the 
rock,  they  become  more  fissile,  so  that  ultimately  large  slabs 
of  excessive  thinness  can  be  readily  separated.  It  is  probable 
that  the  pyrite  grains  are  spread  more  thickly  on  the  bed- 
ding planes,  or  at  any  rate  that  they  are  most  prone  to 


oxidize  along  these,  where  water  and  oxygen  find  a  ready 
access.  Nodules  of  pvrite,  often  of  quite  large  size,  are  com- 
mon in  this  shale. 

The  gray  Genesee  shales,  being  calcareous,  weather  more 
readily  than  the  black,  which,  from  the  absence  of  soluble 
material  offer  peculiar  resistance  to  the  chemical  action  of 
the  atmosphere.  Hence  the  ])ortion  of  the  cliff  formed  by 
the  lower  Genesee  shales  recedes  rapidly  through  weathering, 
while  that  portion  formed  by  the  upi)er  black  Genesee  shales 
recedes  only  by  the  fall  of  the  undermined  portions. 

The  Styliolina  limestone  appears  in  the  bank  seventeen 
feet  above  the  toj)  of  the  falls.  It  has  an  average  thickness 
of  six  or  seven  inches,  and  in  character  does  not  varv  much 
from  the  outcrops  in  other  sections.  It  frecjuently  projects 
beyond  the  underlying  shales,  while  blocks  which  have  fallen 
to  the  base  of  the  cliff  are  not  uncommon. 

The  whole  of  the  Moscow  shales  are  exposed  in  this  sec- 
tion, lying  between  the  Styliolina  limestone  above,  and  the 
Encrinal  limestone  l)elow.  Their  thickness  is  nearlv  seven- 
teen  feet,  and  they  usually  form  an  almost  pcr])endicular 
wall.  A  smooth  fEice  occasionally  apj^ears  where  a  joint 
crack  has  cut  the  rock  in  the  direction  of  the  face  of  the 
section.  This  feature,  however,  is  not  characteristic,  the 
calcareous  shales,  jDrobably  from  their  more  tenacious 
nature,  being  much  less  fissured  than  the  bituminous  shales. 

Five  inches  below  the  Styliolina  limestone  is  a  layer  of 
concretionary  limestone,  gray,  compact  and  practically 
non  fossiliferous.  This  apparenth^  corresponds  to  the  hu'cr 
of  concretions  noted  in  a  similar  position  in  the  ])rcceding 
sections.  A  few  layers  of  scattered  concretions  ajDpear  in 
the  shale  below  this  concretionarv  limestone. 

The  most  interesting  portion  ol  thcvsc  vshalcs  is  the  ** coral 
layer  "  of  the  Spirifer  consobrinus  fauna.  This  layer  appears 
in  the  bank  eighteen  or  twenty  inches  above  the  Encrinal 
limestone,  and  can  be  traced  the  whole  length  of  the  section. 
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It  is  about  three  inches  thick,  and  in  most  places  consists 
entirely  of  an  accumulation  of  cyathophylloid  or  cup  corals. 
These  are  mostly  of  the  genera  Heliophyllum  [H.  halli  E.  & 
H.)  Cystiphyllum  and  Zaphrentisy  and  nearly  all  lie  pros- 
trate. Frequently  three  or  four  lie  above  each  other,  as  if 
they  had  been  carried  in  by  a  strong  flood  and  spread  over 
the  sea  bottom.  They  show,  however,  no  signs  of  wear,  the 
delicate  bryozoans  and  small  corals  which  encrust  many  of 
them,  showing  that  little,  if  any  disturbance  has  occurred 
here  since  the  growth  of  the  corals.  They  therefore  indicate 
a  flourishing  coral  reef  or  forest,  which  was  suddenly  over- 
whelmed, probably  by  the  influx  of  muddy  waters,  and  was 
completely  destro^'cd,  without,  however,  undergoing  any 
mechanical  abrasion.  The  appearance  of  these  large  corals 
seems  to  have  driven  out  the  small  Streptelasma,  for  this 
coral,  adapted  probably  to  muddy  waters,  occurs  above  and 
below  the  coral  layer,  but  not  in  it. 

Associated  with  the  corals,  and  becoming  the  sole  occu- 
pants of  the  bed  in  the  absence  of  the  corals,  are  a  number  of 
brachiopods,  usually  of  robust  character.  These  are  Spirifer 
audaculus  var.  catoni  (Hall),  Atrypa  reticularis  (Linn.)  and 
A.  aspera  (Dalman).  The  latter  form  is  restricted  to  this 
bed,  and  is  abundant  in  all  its  outcrops.  A  curious  feature, 
however,  is,  that  nearly  every  specimen  has  lost  its  spines, 
while  the  same  species  in  the  Genesee  Valley,  where  it  is 
associated  with  the  same  species  of  corals,  nearly  always 
retains  its  spines.  That  the  loss  of  the  spines  in  this  region 
is  due  to  protracted  maceration  before  final  burial  seems 
likely,  and  would  be  in  direct  accord  with  the  slight  thick- 
ness of  the  Moscow  shales  in  this  region.* 

The  Encrinal  Limestone.  This  rock  appears  for  the  first 
time  near  the  upper  end  of  Section  5,  where  it  causes  the  fall 
in  the  stream.  Above  this  point  it  quickly  dips  below  the 
Moscow  shales,  and  is  not  seen  in  any  of  the  upper  sections. 

♦See  Chapter  III. 
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The  thickness  of  the  stratum  is  one  and  onc-h;ilf  feet,  vary- 
ing  but  little  in  different  parts  of  the  section.  Its  ui)i)cr 
portion  is  of  a  somewhat  shaly  character,  and  highly  fossili- 
ferous.  More  than  fifty  species  of  fossils  have  been  obtained 
from  this  portion  of  the  stratum,  many  of  them  bein^j^  either 
rare  or  unrepresented  outside  of  it.  One  of  the  most 
striking  species  is  a  large  pelecypod,  which  is  found  in  con- 
siderable numbers  in  the  upi)er  part  of  the  limestone,  near 
the  lower  end  of  the  section.  This  is  the  Mvtihircn  oviformis 
(Conrad),  a  large  mussel  shell  which  is  not  found  outside  of 
this  bed.  The  shell  is  commonly  removed,  the  ** mould*'  of 
the  interior  alone  remaining.  The  rock  is  comj)oscd  chiefly 
of  the  finely  comminuted  remains  of  calcareous  organisms, 
among  which  crinoid  stems  and  joints  j)rcdominate. 
Weathering  brings  the  coarser  of  these  out  in  relief,  a 
character  often  observable  on  the  moulds  of  such  shells  as 
the  Mytilarca, 

Although  fossils  are  numerous,  jicrfect  siK»ciniens  arc  difli- 
cult  to  obtain.  This  is  due  to  the  fact  that  the  outer  laver 
of  the  shells  tends  to  adhere  to  the  rock  on  being  s])lit 
out.  This  exfoliation  is  not  restricted  to  shells  alone, 
but  occurs  in  the  trilobites  and  other  organisms  as  well.  It 
is  only  where  weathering  has  removed  the  surrounding 
matrix  that  the  i)erfect  surface  characters  become  visible. 
The  lower,  more  solid  and  more  crystalline  i)orti()n  of  the 
bed  contains  chiefly  corals,  among  which  the  honeycomb 
coral — Favosites  hamiliomiv  (Ilall)  j)rc(lominates.  It 
usually  forms  rounded  heads  six  inches  to  a  foot  in  diame- 
ter, sometimes  containing  petroleum,  probably  the  result  of 
the  decomposition  of  the  original  animal  matter. 

The  rock  is  pyritiferous  in  i)laces,  sometimes  so  to  a  con- 
siderable degree.  On  its  under  side  occurs  a  coating  of  iron 
sulphide,  probably  in  the  form  of  the  mineral  marcasite, 
which  occasionally  has  a  thickness  of  an  inch.  TVom  the 
oxidation  of  this  mineral,  the  rock  is  stained  a  reddish 
brown  color.    This  feature  diminishes  the  value  of  the  rock 
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as  a  buildins  stone,  for  structures  built  of  it  ivill  inTariablv 
show  the  characteristic  but  undesirable  iron  stain.  This  can 
be  seen  in  various  buildings  in  the  vicinity  of  the  creek  on 
the  lake  shore  road.  The  rock  of  this  section  was  formcrlv 
(juarried  and  used  for  constructive  purposes,  in  part  at  least, 
on  the  railroad  bridges  at  North  Evans.  That  the  rock  had 
a  tendencv  towards  the  formation  of  concretionarv  masses 
is  indicated  by  the  occurrence  of  one  of  these  on  the  tinder 
side  of  the  bed,  about  half  way  down  the  section.  This  mass 
is  cylindrical,  three  inches  in  diameter,  and  lies  jnst  below 
the  limestone  bed.  It  is  of  similar  composition,  and  lies 
approximately  parallel  to  a  joint  plain. 

.\mong  the  more  important  fossils  of  the  rock  Spinier 
sculptilis  I  Hall  i  should  be  mentioned,  a  form  readily  recog- 
nized by  its  few  angular  plications  and  the  rigzag  concentric 
lamella?.  This  sj>ecies  is  entirely  restricted  in  this  region  to 
the  Encrinal  limestone,  and  may  be  regarded  as  the  typical 
fossil  of  the  fauna,  which  is  named  after  it,  the  Spirifer 
sculptilis  fauna.* 

The  fauna  contains  a  number  of  gasteropods  not  fonnd 
outside  of  it.  as  well  as  a  numl)er  of  others,  {Platyostoma 
{Diiiphorostoina)  lirwatn  i  Conrad  K  various  species  of 
Platrceras,  etc.. )  which  occur  Ix^th  above  and  below.  Tril- 
obites  are  common  and  of  large  size,  the  predominating 
form  being  Phncops  nina  i  Green  i.  The  pelecypods  arc  few 
and  poorly  preserved,  but  the  brachi|>ods  are  well  repre- 
sented. Ortbh  \RhipidonieUa\  is  very  common,  and  so  are 
the  Strophcoihwtns.  One  of  the  important  fossils  almost 
entirely  restricted  to  the  bed  is  Tropidohptuscarinatus [Con- 
rad K  of  which  large  s^Kcimens  may  be  obtained.  The  little 
Vitulinci  pusti:!os:i  iHall"  and  the  Cipially  neat  Centronella 
itnprv<s:i  »  Hall »  v^ccur  side  by  side  in  the  upper  part  of  the 
nvk.  ami  have  uin  Iven  UiKivxxl  outside  of  it.  Another 
characteristic  Tcrebratuloid  is  the  Crvptoiiella  planirostra 
\  Hall '.  which  however  is  n\>t  whoUv  confined  to  this  rock. 

*FoT  A  !ti«i  .'!  the  t\"t>ils  ^  t"  th:>  lAuna  scv  •::>  ;v.ii»<r  on  tb<  "  Famia  of  the  Hamil- 

ii.-n  OT'^m^."  etc. 
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The  Lower  Shales,  or  the  Hamilton  Shales  Proper.  Only 
about  a  foot  of  these  is  exposed  at  the  base  of  Section  5,  but 
this  foot  of  shale  contains  a  large  number  of  interesting 
fossils.  Immediately  below  the  Encrinal  limestone  the  shale 
is  practically  barren  for  a  thickness  of  three  or  four  inches. 
Even  calcareous  matter  seems  to  be  absent  from  it,  and  the 
shale  is  soft,  light  colored  and  easily  cut  with  a  knife.  If  it 
is  exposed  to  the  atmosphere  and  the  heat  of  the  sun,  it 
hardens,  by  the  evaporation  of  the  water  which  it 
contains,  but  on  soaking,  it  becomes  a  tenacious  mud. 
This  character  is  due  to  the  leaching  out  of  the  calcareous 
matter  by  the  waters  which  carried  sulphuric  acid,  derived 
from  the  oxidation  of  the  iron  sulphide  on  the  under  side  of 
the  Encrinal  limestone.  Below  this  decalcified  mass  of  shale 
is  a  bed  an  inch  or  less  in  thickness,  which  is  made  up  mainly 
of  three  classes  of  fossils,  viz:  A  small,  flat,  branching 
bryozoan,  Stictopora  incisurata  Hall,  a  small  brachio- 
pod  with  matted  spines  all  over  its  exterior,  Nucleospira 
concinna  Hall  and  a  large  number  of  the  joints  of  crinoid 
stems.  These  three  forms  occur  in  such  numbers,  and  they 
are  usually  so  firmly  cemented,  that  the  bed  becomes  a  solid 
limestone.  Where  it  has  been  exposed  for  a  considerable 
length  of  time,  the  fossils  have  weathered  out  completely,  so 
that  they  may  be  picked  up  in  a  perfect  state  of  preservation. 
This  bed  has  been  called  the  Stictopora  bed.  It  is  the  high- 
est true  Hamilton  bed  which  has  a  distinct  association  of 
fossils.  Throughout  it,  and  in  almost  every  bed  below,  the 
typical  Hamilton  brachiopod  Spirifcr  mucronatus  (Conrad) 
occurs.  This  is  frequently  furnished  with  long  mucronate 
points  or  lateral  extensions,  and  in  the  Stictopora  bed  it  is 
represented  mainly  b}"  the  separated  valves.  The  species  is 
practically  restricted  to  the  llamiltcm  shales*,  where  it  is 
abundant,  only  a  few  fragmentary^'  specimens  having  been 
obtained  from  the  higher  beds.      It  therefore  constitutes  the 

index  species  of  this  lower  fauna — the  Spirifcr  mucronatus 

•It  ocean  however,  iti  the  transition  nhalcn  of  the  Mnrccllus. 
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fauna,  which  is  bv  far  the  richest  of  anv  of  the  fatmas  of  this 
region . 

The  most  fossiliferous  bed  in  this  fanna  is  the  one  exposed 
at  the  very  base  of  Section  5,  abont  a  foot  below  the 
Encrinal  limestone.  This  bed  has  been  called  the  Demissa 
bed,  from  the  fact  that  the  brachiopod  Stropbeodonta 
demissa  ( Conrad )  occurs  in  it  in  great  numbers  and  is  prac- 
tically restricted  to  it.  It  has  famished  more  than  sixty 
sjxjcies  of  fossils,  though  its  total  thickness  is  not  over  four 
inches.  It  may  Ix?  explored  at  low  water  continnouslj along 
the  base  of  the  cliff,  as  well  as  in  the  shalloiver  portions  of 
the  stream  Ixflowthe  fall.  The  occurrence  of  Stropbeodonta, 
esj)ecially  S.  demissa  (Conrad)  and  the  large  S.  concava 
Hall,  as  well  as  large  numbers  of  Spitifers^  including  the 
large  and  robust  S.  granulosus  (Conrad),  make  it  con- 
sjjicuous.  This  latter  sjjecies  occurs  also  in  considerable 
numlx^rs  in  the  Encrinal  limestone,  but  it  has  not  been 
obseryed  in  the  Moscow  shales.  It  does  not  occnr,  at 
Eighteen  Mile  Creek,  in  the  shales  below  the  Demissa  bed.* 

Near  the  lower  end  of  the  section  occurs  an  oblique  thrust 
fault,  which  has  brought  up  about  a  foot  of  the  shale  under- 
lying the  Demissa  l>ed.  The  shearing  plane  passes  obKqueh' 
ujjwards  from  left  to  right, ( as  seen  from  the  opposite  bank ). 
The  inclination  from  the  horizontal  is  24°,  thus  giving  the 
fault  a  hade  of  GO  \  The  fault  is  of  interest  as  indicating  a 
comjjressiye  force,  the  same  probably  which  caused  the 
anticlinal  fold  at  Section  3,  and  the  other  thrust  faults  to  be 
noted  later. 

Section  G  (Ci. 

Platk  XI. 

This  section  is  cut  in  the  left  bank  of  the  stream  and  ex- 
tends in  a  general  north  and  south  direction.  Its  height  is 
about  sixty-two  feet  aboye  the  stream  bed,  and  its  total 


*l'*jr  a  liht  «^1  thf  foKtiilK  iu  th«r  litrmiitKa  l>cd.»«*  "Fatinaii  of  the  Hamilton  Group," 
i-U".     Thc,v  arc  all  includtrd  in  the  detKrriptions  in  Part  IX. 
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length  about  seven  hundred  feet.  The  highest  beds  exposed 
are  the  gray  Naples  (Cashaqua)  shales,  which,  as  usual, 
contain  many  concretions.  The  shale  has  crumbled  under 
the  action  of  the  atmosphere  until  the  whole  upper  portion 
of  the  cliff  is  soil-covered  and  overgrown  with  vegetcition. 
The  Genesee  shales  apjjear  much  less  prominently  in  this 
section  than  in  any  of  the  preceding,  nevertheless  the  char- 
acteristic jointed  structure  of  the  ujjper  shales  appears  half 
way  up  the  bank.  The  Styliolina  limestone  projects  from 
the  bank,  and  as  usual,  forms  a  prominent  line  of  demarca- 
tion between  the  Middle  and  Upper  Devonian  strata  of  this 
region.  The  Moscow  shales,  seventeen  feet  thick,  form  a 
vertical  cliff  in  some  portions  of  the  section.  In  the  main, 
however,  they  are  more  or  less  covered  up  by  the  talus 
which  has  accumulated  on  the  shelf  formed  by  the  projecting 
Encrinal  limestone.  This  latter  stratum  has  a  thickness  of 
twenty-two  inches  in  this  section,  and  exhibits  the  same 
coating  of  oxidized  iron  sulphide  on  the  under  side,  which 
characterizes  its  other  exposures.  The  many  fallen  l^locks 
at  the  base  of  the  cliff,  as  well  as  the  dangerously  far-pro- 
jecting portions  of  the  bed  in  the  cliff,  testify  to  the  continued 
activity  of  the  stream  in  the  wearing  away  of  the  softer 
shales  beneath.  (Plate  XI,  fig.  b).  These  blocks  are  col- 
lected from  this  section  and  used  for  purposes  of  construc- 
tion. Fossils  are  not  so  numerous  in  the  bed  at  this 
section,  as  thev  are  at  Section  5,  nevertheless  some  vcrv  fine 
specimens  of  Actinoptcrm  clccussntn  Hall  have  been 
obtained  from  it.  Corals  are  common,  especially  the 
honeycomb — Favositcs  hnmiltoniec  Hall.  The  average 
northward  rise  of  the  limestone  in  this  section  is  one  foot  in 
forty-seven,  giving  an  apjjroximate  southward  dip  of  five 
degrees.  This  allows  nine  feet  of  the  Hamilton  shales  to  be 
exposed  at  the  lower  end  of  the  section,  while  at  the  upper 
end  the  exposure  is  only  three  feet. 

Here  is  the  first  good  opportunity  to  examine  the  Hamil- 
ton shales  in  their  relation  to  the  overlying  limestone,  and  it 
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becomes  at  once  apparent  that  the  most  fossiliferous  beds 
are  those  near  the  top  of  the  series,  namely  the  Demissa  and 
Stictopora  beds.  As  the  water  became  purer  towards  the 
close  of  the  deposition  of  the  Hamilton  shales,  the  brachio- 
pods,  which  occurred  sparingly  during  the  greater  part  of 
the  time,  underwent  a  luxuriant  development,  all  the  im- 
portant and  characteristic  species  growing  in  great  pro- 
fusion. The  change  of  conditions,  however,  which  succeeded, 
drove  out  most  of  them,  and  when  the  water  became  pure 
enough  for  the  growth  of  the  limestone-building  corals  and 
crinoids,  a  quite  distinct  assemblage  of  species  appeared. 
(See  further.  Chapter  III.). 

In  the  lower  beds  the  fossils  are  scattered,  from  some, 
they  appear  to  be  entirely  absent.  Down  to  about 
three  feet  below  the  Encrinal  limestone,  the  shale  contains 
species  such  as  are  found  in  greater  abundance  in  the  Demissa 
bed.  Associated  with  these  is  Athyris  spiriferoides  (Eaton), 
which  here  reached  its  last  abundant  development.  Below 
this,  down  to  about  four  feet  below  the  Encrinal  limestone, 
fossils  are  very  rare,  with  the  exception  of  the  two  species  of 
minute  needle-like  pteropods,  Styliolina  Ussurella  (Hall)  and 
Tentaculites  gracilistriatus  Hall,  both  of  which  occur  in 
vast  numbers  on  some  of  the  shale  laminae.  With  them 
occur  several  species  of  minute  ostracod  crustaceans,  among 
which  the  Primitiopsis punctulifera  (Hall)  predominates. 

Still  descending,  we  find  the  fossils  somewhat  more 
abundant,  but  in  no  case  do  they  approach  the  numerical 
development  found  in  the  Demissa  bed.  The  only  constant 
and  abundant  species  throughout  these  shales  is  the  type 
species  of  the  fauna,  the  broad-winged  Spirifer  mucronatus 
(Conrad). 

Nine  feet  below  the  Encrinal  limestone,  or  at  the  base  of 
the  section  at  its  lower  end,  and  forming  a  portion  of  the 
stream  bed,  is  a  layer  of  large,  flat  calcareous  concretions, 
occasionallv  united  into  a  continuous  bed ;  but  chieflv  com- 
posed  of  separate  masses.    These  contain  a  large  number  of 
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Atbjrris  spiriferoides  (Eaton),  all  in  a  perfect  state  of  preser- 
vation. The  same  fossil  occurs  in  the  shale  iK^tween  the 
concretions,  and  when  thus  found,  it  j)resents  its  ori^nal 
gibbous  character.  Above  or  l>elo\v  this  layer,  however, 
this  fossil  nsnally  occurs  in  a  compressed  condition  from  the 
settling  down  of  the  shale  masses  on  lithifvin^,  thus  show- 
ing well,  how  the  presence  of  such  concretions  in  a  bed,  may 
protect  the  fossils  from  the  comi)ression  incident  ui)on  the 
lithification  of  the  containing  rock.  This  hiyer  furnishes 
most  of  the  specimens  of  this  brachiojmd,  which  is  nowhere 
else  so  characteristic  as  at  Eighteen  Mile  Creek. 

Section  7  (B). 

PLATK8   XII    AND    XIII. 

This  section  extends  north-west  from  a  jjoint  directly 
north  of  the  northern  end  of  Section  (>,  to  the  bridge  on 
which  the  Lake  Shore  road  crosses  the  creek.  It  is  cut  into 
the  right  bank  of  the  stream,  and  has  a  total  length  of 
about  twelve  hundred  feet.  Near  the  middle  of  the  section  a 
small  lateral  stream  has  cut  a  V-shaped  gully  down  to  the 
Styliolina  limestone,  over  which  the  water  falls  in  wet 
weather.  Below  this  is  a  larger  V-shaped  recession,  a 
diminutive  **corrv,"  which  here  marks  the  beginning  of  a 
lateral  gorge.    ( Plate  X . ) . 

The  lower  portion  of  the  section  is  covered  by  a  talus  of 
fine  shale  particles,  derived  from  both  Moscow  and  Hamil- 
ton beds.  At  the  foot  of  the  cliff  are  large  fragments  of 
limestone  and  shale,  with  fossils,  as  well  as  a  debris  of 
foreign  material.  The  difl'erence  in  the  stecjmcss  of  the 
bank,  between  this  section  c'lnd  the  preceding  one,  forms  an 
interesting  study,  the  small  amount  of  undercutting  in 
Section  7  being  due,  as  already  noted,  to  the  shallowness 
and  width  of  the  stream,  which  two  features  combine  to 
dissipate  the  force  of  the  current,  and  also  to  the  presence 
of  the  large  rocks  at  the  foot  of  the  cliff,  which  act  as  a 
barrier  to  the  inroads  of  the  current. 
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The  Upper  Devonian  strata  of  this  section  include  several 
feet  of  the  black  Genesee  shales,  the  gray  Genesee  shales,  and 
the  Styliolina  band.  The  Genesee  shales  are  usually  talus- 
covered  and  overgrown  with  vegetation.  The  Styliolina 
limestone  is  somewhat  more  shaly  in  this  section  than  in  the 
preceding  ones,  but  as  usual,  projects  some  distance  from  the 
bank.  No  good  opportunity  for  the  study  of  the  Moscow 
shales  is  afforded,  for  they  are  practically  inaccessible.  The 
large  cup  corals  which  are  common  in  the  talus  at  the  foot 
of  the  section  are  all  derived  from  the  coral  layer  in  the 
lower  Moscow  shale.  They  may  be  seen  in  place  by  climbing 
the  bank  in  the  little  "corry  *'  near  the  centre  of  the  section. 
The  Encrinal  limestone  appears  near  the  middle  of  the 
section,  forming  a  prominent  band.  It  rises  north-westward 
at  the  average  amount  of  one  foot  in  sixty-three,  giving  an 
approximate  south-easterly  dip  of  less  than  one  degree  to 
the  strata. 

On  the  Lake  Shore  road,  at  the  descent  to  the  bridge  from 
the  north,  the  Encrinal  limestone  formerly  caused  a  distinct 
shelf  or  ridge,  which  extended  across  the  road.  The  earlier 
visitors  to  the  Eighteen  Mile  Creek  sections  will  remember 
the  distinct  bump  which  the  carriage  or  omnibus,  which 
brought  them,  experienced  in  passing  over  this  rock.  At  the 
present  time  the  rock  has  either  been  taken  out  or  covered 
over,  so  that  the  characteristic  bump  is  no  longer  ex- 
perienced. 

Where  the  rocks  first  become  exposed  at  the  upper  end  of 
the  section,  about  sixteen  feet  of  the  Hamilton  shales  appear. 
At  the  bridge,  thirty  to  thirty-five  feet  of  these  shales  are 
exposed,  but  the  lower  portion  of  the  cliff  is  covered  by  talus. 
The  layer  of  concretions  bearing  the  Athyris  spiriferoides 
( Eaton ),  first  noted  in  Section  G,  appears  throughout  in  this 
section,  remaining  at  the  average  distance  of  nine  feet  below 
the  Encrinal  limestone.  From  its  disintegration,  the  talus 
at  the  foot  of  the  cliff  is  rich  in  this  fossil,  this  being  the  best 
locality  for  collecting  it.      Many  sj^ecimens  will  be  found 
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overgrown  with  delicate  Bryozoa  and  Aulopora  corals, 
which  furnish  an  additional  incentive  for  collecting  them. 

A  large  number  of  concretions  occur  in  this  lower  shale, 
among  which  the  horn-shai)ed  forms  with  smooth  slicken- 
sided  exterior  are  characteristic.  These  <'ire  often  mistaken 
for  organic  remains,  chiefly  cup  corals,  and  are  ])rized  as  such 
by  the  inexperienced  collector.  An  axis  or  core  of  iron 
pyrites  will  usually  be  found  as  the  nucleus  of  these  concre- 
cretions.  Frequently  the  strata  above  and  below,  as  well  as 
on  the  sides,  appear  crowded  out  of  ])osition,  as  if  by  the 
gi'owth  of  the  concretion.  As  l)cfore  noted,  however,  this 
crowded  appearance  is  probably  due  to  the  settling  down  of 
the  strata  around  the  resistant  bodv. 

A  few  feet  below  the  layer  l)earing  the  Athyris  spirifcroides 
(Eaton),  pelecypods  occur  ])lentifully.  A  large  num- 
ber of  species  have  been  obtained,  many  of  which  have  not 
been  noticed  elsewhere  in  this  region.  At  the  base  of  the 
cliff,  near  the  mouth  of  the  *'c<)rrv  "  Liorhvnchus  n2iiltic(Kstus 
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Hall  again  occurs  in  abundance  in  some  concretion  bearing 
beds.  Another  concretionary  layer  containing  .4.  spirifcr- 
oides (Eaton)  occurs  twentv  feet  below  the  Encrinal  lime- 

^  .  m 

stone.  Throughout  the  exposed  portion  of  the  shales, 
fossils  occur  in  considerable  numlKT  and  variety.      Brachio- 

mr 

pods  always  predominate,  the  most  abundant  being 
Spirifer  mucronatus  (Conrad).  (lood  specimens  of  the 
trilobite  Phacops  rana  (Green)  arc  occavsionally  found;  but 
on  the  whole,  only  the  smaller  sj)ccics  of  organisms  are 
abundant.  Thus,  Chonctcs  Icpidii  Hall,  and  Anihocoelia 
umbonata  {Conrad),  as  well  as  the  little  Pholidops  hamH- 
tonias  Hall,  are  abundantly  scattered  through  the  shales. 
Liorhynchus  multicostus  Hall  is  common  in  the  lower  ten 
or  fifteen  feet. 

About  t went v-five  feet  below  the  lincriiial  limestone  occurs 
a  thin  argillo-calcareous  bed,  less  than  two  inclies  thick. 
This  contains  large  numbers  of  Modiomorphn  siilmhiin 
(Conrad)i  a  characteristic    Hamilton  ])elecyi)od,   and    one 
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which  occurs  throughout  the  lower  shales.  In  this  bed, 
however,  it  occurs  in  great  abundance,  almost  to  the 
exclusion  of  every  other  form.  The  bed  is  not  well  exposed 
in  this  section  owing  to  the  talus,  but  in  the  east  branch  of 
Idlewood  Ravine,  which  mouths  in  the  main  gorge  below 
the  bridge,  it  appears  both  in  the  bed  and  banks  of  the 
ravine. 

Section  8  (A). 

Platk  XIV. 

This  is  the  lowest  section  in  the  gorge,  occurring  in  the 
left  bank  and  extending  from  near  the  mouth  of  the  creek 
halfway  to  the  bridge.  Its  total  length  is  not  over  one 
thousand  feet,  and  it  extends  north  forty  degrees  west,  by 
south  forty  degrees  east.  Its  height  is  about  fifty-six  feet 
above  the  normal  lake  level. 

Only  middle  Devonian  strata  are  exposed  in  this  section, 
the  Moscow  shales  forming  the  top  member.  The  greater 
portion  of  these  are  exposed  near  the  upper  end  of  the 
section,  but  owing  to  the  rise  of  the  strata  north-westward, 
onlv  a  few  feet  occur  at  the  lower  end  of  the  section.  The 
Encrinal  limestone  occurs  throughout,  and  large  blocks  of  it 
are  found  at  the  foot  of  the  section.  The  lowest  bed  exposed 
at  the  upper  end  of  the  section  is  an  argillaceous  limestone, 
which  in  places  becomes  shaly,  and  the  total  thickness  of 
which  is  about  a  foot.  This  contains  very  few  fossils, 
Spirifer  mucronatus  (Conrad)  and  a  few  pelecypods  being 
the  only  ones  observed.  Underlying  it  are  about  six  feet  of 
shale,  which  become  exposed  at  the  lower  end  of  the  section. 
These  contain  few  fossils,  principally  Spirifer  mucronatus 
(Conrad)  and  Phncops  rana  (Green).  Below  them,  and 
exposed  only  near  the  lower  end  of  the  section  are  the 
**Trilol)itc  beds."  These  are  three  in  number.  The  upper 
one  is  a  foot  thick,  shaly  and  often  fissile,  yet  suflSciently 
calcareous  to  be  distinct  from  the  overlvine:  shale.  It  is  verv 
rich  in  trilobitcs,  though  usually  the  heads  an<J  tails  alone 
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are  common.  The  thorax,  from  its  jointed  condition,  is 
subject  to  greater  destruction,  and  hence  is  not  commonly 
preserved.  Nevertheless,  complete  and  perfect  specimens  are 
occasionally  obtained.  The  trilobite  most  common  in  this 
bed  is  the  ordinary  Hamilton  species  Phacops  rana  (Green), 
though  Cryphaeus  boothi  Green,  the  form  with  long  spines 
on  both  sides  of  the  head,  and  with  fringed  tail,  also  occurs. 
Other  fossils  are  rare  in  this  bed.  Below  it,  is  a  somewhat 
more  compact  calcareous  layer  three  to  four  inches  thick 
and  rather  concretionary.  In  this  laver  fossils  are  rare. 
Under  it  occurs  the  second  trilobite  layer,  eight  inches  thick 
and,  like  the  upper  one,  it  is  a  calcareo-argillaceous,  and 
somewhat  arenaceous  bed,  sometimes  becoming  quite  gritty. 
This  contains  more  fossils  than  the  uj)i)er  bed,  but  the  trilo- 
bites  of  both  species  are  the  only  abundant  forms.  Below 
this,  and  separating  it  from  the  lowest  trilobite  bed — which 
latter  is  only  exposed  at  low  water  at  the  extreme  lower 
end  of  the  section — are  two  or  three  inches  of  fissile  shale,  in 
which  Athyris  spiriferoides  (Eaton)  is  especially  abundant. 
With  it  occurs  a  large  number  of  the  small  cup  coral 
Streptelasma  rectum  Hall,  these  two,  with  an  occasional 
specimen  oi Spirifer  mucronatus  (Conrad),  forming  the  only 
important  fossils  of  the  bed. 

Only  about  six  inches  of  the  lowest  trilobite  bed  are  ex- 
posed, the  total  thickness  of  that  bed  being  about  a  foot. 
Both  species  of  trilobites  are  abundant,  and  good  specimens 
may  be  easily  obtained. 

Nowhere  in  the  entire  Hamilton  group  of  this  region  are 
trilobite  remains  so  abundant.  The  conditions  of  the  sea 
must  have  been  particularly  favorable  for  their  devel()i)ment 
at  that  period,  so  that  their  remains  became  entombed  by 
the  thousands.  That  thev  were  but  slowly  buried  seems  to 
be  indicated  by  the  separated  portions  of  the  body,  a  condi- 
tion probably  brought  about  by  long  continued  maceration 
before  burial.  Trilobites  probably  never  lived  in  very  deep 
water,  luid  both  the  nature  of  the  rock  and  the  vscattered 
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position  of  the  remains  indicate  shallow  water  with  a  dis- 
tinct current,  though  with  probably  a  small  amount  of 
mechanical  sediment. 

Several  small  thrust  or  reversed  faults  may  be  noted  in 
this  section.  They  have  mostly  affected  the  trilobite  beds, 
and  the  calcareous  bed  six  feet  above  them.  The  vertical 
displacement  is  never  more  than  a  few  inches,  yet  the 
occurrence  of  these  faults  in  connection  with  that  of  Section 
5,  and  another  one  on  the  lake  shore,  present  a  problem  of 
extreme  interest. 


GENERAL  REMARKS. 

At  several  places  in  the  gorge,  gas  bubbles  up  through 
fissures  in  the  rock.  Near  the  upper  end  of  Section  5,  above 
the  falls,  bubbles  of  gas  constantly  escape  from  the  water. 
In  the  gorge  above  the  railroad  bridges,  opposite  the 
village  of  North  Evans,  gas  escapes  from  a  fissure  in 
the  rock  in  such  quantity  as  to  give  a  steady  flame  when 
lighted.  The  occurrence  of  such  gas  springs  has  led  to  the 
sinking  of  a  well  in  the  gorge  near  the  head  of  Section  6. 
The  supply  of  gas  thus  received  has  diminished  but  little 
during  a  number  of  years  of  steady  flow. 

The  origin  of  the  gas  is  probably  to  be  sought  for  in  the 
bituminous  shales,  some  of  the  springs  undoubtedly  deriving 
their  supply  from  the  deeply-buried  black  Marcellus  beds. 
The  gas  well,  however,  draws  its  main  supply  from  Silurian 
strata,  which  are  tapped  several  hundred  feet  below  the 
surface. 

The  Mouth  of  the  Stream.  An  interesting  problem  in  the 
shifting  of  the  mouth  of  a  stream  by  current  and  wave 
action  is  presented  by  Eighteen  Mile  Creek.  Running  out 
from  the  left  bank  is  a  long  sand  bar,  which  effectually 
clovses  the  mouth  of  the  gorge,  and  compels  the  stream  to 
find  its  outlet  at  another  point.    The  bar  formerly  extended 
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nearly  2000  feet  northward,  and  the  mouth  of  the  stream 
was  shifted  to  that  point.  Since  then,  the  stream  has 
broken  through  the  bar  at  several  places,  shifting  its  mouth 
every  season,  and  leaving  partially  closed  outlets  to  be  filled 
in  subsequently  by  the  waves.  The  map  (Plate  II.)  repre- 
sents the  temporary  conditions  which  existed  in  August, 
1895.     (See  also  Plate  XXI.). 


CHAPTER  II. 

THE  GEOLOGY  OF  THE  LAKE  SHORE  SECTIONS. 

All  along  the  lake  shore  from  Eighteen  Mile  Creek,  north 
to  Bay  View,  and  south  to  the  county  line,  there  are 
numerous  exposures  of  the  strata  described  in  the  preceding 
chapter,  as  well  as  others  which  lie  above  and  below  these. 
The  exposures  are  in  the  cliffs,  which,  with  few  exceptions, 
front  the  lake,  rising  sometimes  to  a  height  of  nearly  a 
hundred  feet.  The  cliffs  commonly  rise  with  a  vertical  face 
from  the  beach.  Many  of  them  are  washed  by  the  waves 
the  year  round,  and  consequently  kept  in  a  perpendicular  or 
even  overhanging  condition,  while  others  experience  the 
cutting  of  the  waves  only  during  storms  or  in  seasons  of 
unusually  high  water.  In  this  latter  case  a  talus  of  shale 
fragments  usually  accumulates  at  the  foot  of  the  section, 
and  this  not  infrequently  becomes  a  rich  collecting  ground 
for  the  palaeontologist,  for  here  the  weathered  out  fossils 
may  be  found  in  great  numbers,  and  usually  in  a  perfect 
state  of  preservation.  The  stratigraphist,  however,  avoids 
collecting  from  these  natural  **  dump-heaps,'*  or  at  least  does 
not  attach  much  stratigraphic  value  to  his  collections,  for  he 
finds  in  them  a  commingling  of  the  fossils  of  the  various  beds 
exposed  in  the  section,  a  condition  which  is  unfavorable  to 
the  proper  divscrimination  between  successive  faunas. 

The  sections  are  by  no  means  of  uniform  height.  This  can 
be  best  a])preciated  by  the  diagrammatic  representation  of 
these  sections  given  on  Plate  V.  of  the  Geological  Report  of 
the  Fourth  District  of  New  York.  In  this  plate  Professor 
Hall  gives  a  semi-pictorial  rei)resentation  of  the  shore  of 
Lake  Erie  from  Black  Rock  to  Sturgeon  Point,  with  the 
omission  of  the  eight  miles  of  beach  and  low  swamp-land 
between  Huft'alo  and  Rav  View  (Comstock's  tavern).  Bv 
reference  to  this  plate  it  will  be  seen  that  the  highest  cliff  is 
just  south  of  ICighteen  Mile  Creek,  in  the  first  section  of  the 
*'SouthvShoreClift's.'' 
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This  irregularity  in  the  height  of  the  cliffs,  is,  of  course, 
produced  by  erosion,  which  has  swept  away  the  rocks  in 
some  places,  and  left  them  in  others.  In  general  terms,  the 
sections  as  seen  on  the  lake  shore  represent  a  i)rofile  of  the 
topography,  which  was  impressed  upon  the  country  during 
long  cycles  of  preglacial  erosion.  The  low  drift-filled  portions, 
where  no  rock  is  exposed,  probably  in  all  cases  represent 
broad  valleys  cut  out  by  some  preglacial  stream.  Some  of  the 
irregularities  in  height,  however,  are  only  apparent,  and  due 
to  the  varying  directions  in  which  the  sections  are  cut.  To 
this  latter  cause  must  also  be  attributed  the  varying  dii)s 
observed  in  different  parts  of  the  sections,  as  these  sections 
sometimes  extend  in  the  direction  of  the  strike  of  the  strata, 
or  again  obliquely  across  it.  In  no  portion  of  the  sections  is 
the  true  dip  exposed,  which,  as  was  noted  in  Chapter  I.,  is 
to  the  south-east. 

The  shore  of  Lake  Er\e  presents  a  succession  of  crescents, 
the  projecting  points  usually  being  headlands  of  rock, 
which  frequently  extend  into  the  water,  and  so  form  an 
obstacle  to  walking  on  the  beach.  Excepting  such  in- 
stances however,  the  beach  is  of  a  character,  which  allows 
easy  travelling  on  it.  Wherever  it  is  sandy,  it  is  usually 
much  compacted  and  firm,  and  will  even  permit  the  advan- 
tageous use  of  a  bicycle.  But  when  the  l)each  is  conii)osed 
of  shingle,  as  on  the  more  exposed  ])ortions  of  the  shore,  the 
case  is  different,  for  the  pebbles  are  usually  smooth  flat 
shale  fragments,  which  slip  over  each  other,  and  make 
walking  a  rather  tiresome  undertaking,  while  the  use  of  a 
bicycle  is  impossible. 

In  the  following  descriptions  of  the  sections  on  the  Lake 
Shore,  the  names  applied  to  them  are  those  by  which  they 
are  designated  in  the  pai)er  on  the  *  r\'iunas  of  the  Hamilton 
Group  "of  this  region,  to  which  the  student  is  referred  for 
many  points  not  here  discussed.  If  access  to  the  volume  on 
the  Geology  of  the  Fourth  District  can  be  had,  a  thorough 
study  of  the  sections  as  given  on  Plate  V.,  should  Ix?  made. 
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A.    The  South  Shore  Cuffs. 

Platbs  XV  TO  XX. 

The  first  of  these  cliffs  extends  from  the  mouth  of  Eighteen 
Mile  Creek  south-westward  for  a  distance  of  about  three 
miles,  beyond  which  a  low  and  sandy  stretch  separates  it 
from  the  next  cliff.  The  northern  half  of  this  section,  or  that 
portion  between  Eighteen  Mile  Creek  and  Pike  Creek,  is  of 
the  greatest  interest  to  the  student,  as  it  includes,  besides  all 
the  beds  found  in  the  lower  gorge  of  Eighteen  Mile  Creek,  a 
number  of  interesting  structural  and  dynamic  phenomena, 
which  will  be  described  below.  This  portion  of  the  section 
comprises  several  crescents,  and  as  the  strata  dip  at  about 
forty  feet  to  the  mile,  or  approximately  one  foot  in  one 
hundred  and  thirty,*  the  appearance  of  faults  is  produced, 
wherever  the  central  portion  of  the  farther  crescent  is  seen 
directly  behind  the  projecting  salient  between  the  two 
adjacent  crescents. 

About  forty  feet  of  the  Hamilton  shales  are  exposed  in  this 
section  near  the  mouth  of  Eighteen  Mile  Creek.  The  Trilo- 
bite  beds  would  probably  be  exposed  at  the  base  of  the 
section,  if  the  talus  were  removed.  The  other  beds  noted  in 
the  Eighteen  Mile  Creek  sections,  can  be  seen  in  the  northern 
half  of  this  section,  when  not  covered  by  talus.  The  shale 
is  full  of  fossils,  mainly  brachiopods,  among  which 
Spirifer  mucronatus  (Conrad)  predominates.  The  shells 
may  be  picked  out  of  the  weathered  bank  with  ease,  and 
usually  occur  with  the  valves  separated,  so  that  specimens 
showing  the  muscular  impressions  and  other  internal 
features  are  among  the  frequent  treasures  to  be  met  with  in 
collections  from  these  banks.  The  talus  is  especially  rich  in 
Athyris  spiriferoidcs  (Eaton).  These  are  furnished  by  the 
disintegrating    concretionary    layer,    nine   feet   below    the 


*This  cstininte  is  l)asc(l  on  the  fact,  thnt  at  the  mouth  of  Eighteen  Mile  Creek,  the 
I^ncrinal  limestone  is  ahont  forty  feet  al)ove  water  level,  while  at  the  "uplift."  a 
little  over  a  mile  to  the  south,  in  a  straight  line,  this  rock  has  reached  the  level  of 
the  lake.  The  inaccuracy  comes  from  the  greater  actual  letij^th  of  the  section  when 
the  curves  of  the  crescents  are  considered.  The  dip  thus  obtained  is  only  the 
apparent,  and  not  the  true  dip. 
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Sncirinal  limestone.  Spec^imens  of  Spinfer  granulosus  ( Con- 
-ad)  are  also  common.  They  are  derived  from  the  Demissa 
Ded,  which  also  furnishes  the  specimens  of  Stropheodonta 
demissa  (Conrad),  though  these  are  of  less  frequent  occur- 
rence. 

The  Encrinal  limestone  is  the  most  prominent  stratum  in 
the  bank.  It  appears  for  the  first  time  a  few  hundred  feet 
south  of  the  northern  end  of  the  cliff,  and  gradually  descends, 
until  near  the  middle  of  the  section,  at  Pike  Creek,  it  passes 
below  the  level  of  the  lake.  It  has  the  same  thickness  and 
character  as  in  the  Eighteen  Mile  Creek  sections,  and  also 
has  the  coating  of  iron  sulphide  on  the  under  side,  which  is 
characteristic  ot  all  its  outcrops.  Professor  Hall  states 
that  this  coating  was  formerly  **  wrought  to  some  extent  on 
the  supposition  that  it  was  silver.*'* 

From  the  constant  wearing  away  of  the  soft  Hamilton 
shales,  the  Encrinal  limestone  l>ecomes  undermined,  so  that 
large  blocks  break  off  annually  and  fall  to  the  beach,  where 
they  accumulate  in  considerable  numbers.  Not  infrequently, 
these  blocks  of  limestone  are  full  of  fossils,  chiefly  corals, 
some  of  which  stand  out  in  relief  through  differential  solu- 
tion. They  tempt  the  collector  with  visions  of  choice 
specimens  for  the  cabinet,  but  he  is  a])t  to  be  disappointed  in 
his  attempt  to  obtain  them,  unless  he  has  a  good  hammer,  a 
number  of  well-tempered  chisels,  and  plenty  of  time  and 
patience.  A  sledge  hammer  is  the  most  desirable  tool  in 
such  cases.  Unless  the  collector  is  properiy  equipped,  he  had 
better  not  attempt  the  working  of  this  refractory  rock,  for 
he  is  sure  to  end  in  spoiling  his  tools,  his  temper,  and  worse 
bhan  all,  the  specimens,  which  he  should  leave  for  some  one 
better  prepared. 

The  Moscow  shales  have  much  the  same  character  which 
they  exhibit  in  the  P^ightcen  Mile  Creek  sections.  Their 
thickness  hardlv  diminishes,  and  thev  usuallv  contain  a  fair 
proportion  of  concretions.      The  coral  layer  appears  in  the 

•Gcol.  Rep't,  4th  Dist.  N.  Y..  1843,  p.  472. 
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lower  portion  of  the  mass  in  the  same  position,  and  with  the 
same  fossils  as  at  Section  5.  It  alone  furnishes  the  specimens 
of  large  Cyathophylloids  and  A  try  pa  aspera  Dalman, 
which  are  so  common  in  some  portions  of  the  talus.  The 
specimens  of  Strcptclastna  rectum  Hall  are  likewise  fur- 
nished by  beds  of  the  lower  Moscow  shale. 

The  Styliolina  limestone  rapidly  thins  out  towards  the 
south,  so  that,  at  the  middle  of  the  section,  it  is  scarcely  an 
inch  in  thickness,  being  at  the  same  time  very  shaly.  The 
Genesee  shales,  in  this  section,  appear  in  their  full  thickness, 
which,  according  to  Professor  Hall,  is  twenty-three  feet  and 
seven  inches,  including  the  Styliolina  band.*  The  lower 
portion  of  this  shale  is  more  homogeneous  in  this  section, 
partaking  in  color  and  texture  more  of  the  character  of  the 
upper  beds.  The  bituminous  character  of  the  shale  as  a 
whole  is  strongK"  marked,  plant  remains  and  even  coal 
seams  being  of  not  infrequent  occurrence.  Large  masses  of 
the  rock  are  usuallv  found  on  the  beach,  and  in  them  the 
characteristic  fossil  Lunulicardivm  fragile^  Hall,  is  often 
found  in  great  numbers.  Pyrite  grains  are  scattered 
throughout  the  shale  in  large  quantities,  and  these  on 
oxidizing  produce  the  usual  result  of  thin,  iron-stained 
shale  laminae,  which  frequently  have  iridescent  surfaces. 

One  of  the  interesting  products  of  the  oxidation  of  the 
pyrite,  is  found  in  the  sulphuretted  water,  which  trickles 
from  the  bank  at  various  places.  On  exposure  to  the  air,  the 
sulphuretted  hydrogen,  with  which  the  water  is  charged,  is 
commonly  decomposed,  (see below)  and  sulphur  is  deposited. 
This  is  well  seen  in  a  small  cavernous  indentation  in  the 
bank,  midway  l)etween  Eighteen  Mile  and  Pike  Creeks, 
where  the  shale  walls  are  covered  with  a  thin  coating  of 
sulphur. 

•Kept  4.th  (;coI.  Dist.  N.  Y..  184-3,  p.  221. 

tThis  in  the  ^4  vicw/a  fragilis  Hall  of  the  Geol.  Rep't  of  the  4th  Dist.,  1843. 
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Mr.  S.  H.  Etntnens  has  tabulated  the  following  steps  in  the  oxidation 
of  pyrite.*  Part  of  the  sulphur  of  the  pvrite  is  converted  by  the 
oxygen  and  the  moisture  of  the  atmosphere  into  sulphuric  acid,  leaving 
a  residue  of  iron  monosulphide.  This  is  then  attacked  by  the  sulphuric 
acid  and  ferrous  sulphate  results,  while  at  the  same  time  sulphuretted 
hydrogen  is  evolved.     The  reactions  are  as  follows  :f 

{1.)    FeS,       O3       H2O       FeS   -  H,S  (),. 
(2.)     FeS       H,  SO4       FeSO^       H,S. 

If  the  sulphuretted  hydrogen  comes  in  contact — as  it  naturally  must 
in  passing  through  the  rock — with  oxydizing  pyrite,  and  if,  as  Kmmens 
holds,  sulphurous  anhydrite  (S  O.^)  is  formed,  together  with  the  sulphuric 
acid,  the  hydrogen  sul])hide  will  react  with  the  sulphurous  anhydrite 
and  form  water  and  free  sulphur.  The  reactions  would  be  tabulated 
thus : 

a.    FcS.^       O,   -  FeS       SO,. 
h.    S  O,       2  H.S  -  2  H,0       3  S. 

or,  as  given  by  Emmcns : 

{3.)    FeS,       O,       2ILS       FeS       2  H,0       3  vS. 

This  sul])hur  may  be  in  part  deposited,  and  in  part  again  oxidized  to 
sulphuric  acid,  thus::!: 

(4.)    S  -    O,   ■    H,0       H,S  (), 
this  latter  again  attacking  the  monosulphide  (Fe  S). 

The  third  and  fourth  reactions  probably  do  not  take  place  in  these 
shales,  the  hydrogen  suli:>hide  being  directly  decomjjosed  by  the  atmos- 
phere, with  tlie  formation  of  sulphur  and  water,  the  former  being 
deposited  where  the  oxidation  takes  i)lacc.      Thus: 

2  H,S  -   i\       2  H,()       S,. 

The  feiTotis  sulphate  will  absorb  oxygen,  and  suli)huric  acid,  if  the 
latter  is  in  excess,  and  form  ferric  sul])hate,  according  to  the  following 
re.'ictions:§ 

(5.)     2FcSO,       0       H.SO,       Fe,  (S(),)3       II.O 

which  would  be  the  final  result  of  the  oxydation.  But  if  the  amount  of 
sulphuric  acid  is  insufficient,  or  if  the  ferrous  sul])liatc  is  carried  in 
solution  and  spread  over  the  surface  of  the  shales,  it  will  oxidize  in  part 
to  ferric  hydrate  or  limonite,  which  stains  the  shales.  The  reaction, 
according  to  Emmens,  is : 

FeS  04       6  0.   -   H,0  -   4- Fe,(S  O^)^       2  Fe.Oa  .  11,0. 

•Stephen  IC.  HinmeiiK:     "The   Chcnii«trv   of  Oossan,"    HnK'"<^<^rin^  and   MininK 
Journal,  Dec.  17,  1S92,  p.  r>xi'. 

ttHmmenM,  hx*.  cit. 

$L,oc.  cit. 
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lower  portion  of  the  mass  in  the  same  position,  and  with  the 
same  fossils  as  at  Section  5.  It  alone  furnishes  the  specimens 
of  large  Cyathophylloids  and  Atrypa  aspera  Dalman, 
which  are  so  common  in  some  portions  of  the  talus.  The 
specimens  of  Strcptelasma  rectum  Hall  are  likewise  fur- 
nished by  beds  of  the  lower  Moscow  shale. 

The  Styliolina  limestone  rapidly  thins  out  towards  the 
south,  so  that,  at  the  middle  of  the  section,  it  is  scarcely  an 
inch  in  thickness,  being  at  the  same  time  very  shaly.  The 
Genesee  shales,  in  this  section,  appear  in  their  full  thickness, 
which,  according  to  Professor  Hall,  is  twenty-three  feet  and 
seven  inches,  including  the  Styliolina  band.*  The  lower 
portion  of  this  shale  is  more  homogeneous  in  this  section, 
partaking  in  color  and  texture  more  of  the  character  of  the 
upper  beds.  The  bituminous  character  of  the  shale  as  a 
whole  is  strongly  marked,  plant  remains  and  even  coal 
seams  being  of  not  infrequent  occurrence.  Large  masses  of 
the  rock  are  usuallv  found  on  the  beach,  and  in  them  the 
characteristic  fossil  Lunulicardivm  fragile^  Hall,  is  often 
found  in  great  numbers.  Pyrite  grains  arc  scattered 
throughout  the  shale  in  large  quantities,  and  these  on 
oxidizing  produce  the  usual  result  of  thin,  iron-stained 
shale  laminae,  which  frequently  have  iridescent  surfaces. 

One  of  the  interesting  products  of  the  oxidation  of  the 
pyrite,  is  found  in  the  sulphuretted  water,  which  trickles 
from  the  bank  at  various  places.  On  exposure  to  the  air,  the 
sulphuretted  hj'drogen,  with  which  the  water  is  charged,  is 
commonly  decomposed,  (see below)  and  sulphur  is  deposited. 
This  is  well  seen  in  a  small  cavernous  indentation  in  the 
bank,  midway  between  Eighteen  Mile  and  Pike  Creeks, 
where  the  shale  walls  are  covered  with  a  thin  coating  of 
sulphur. 

•Kcp't  4.th  Oeol.  Dist.  N.  V.,  184-3,  p.  221. 

tThis  is  the  Aviculu  tragilis  Hall  of  the  Geol.  Rep't  of  the  4th  Dist.,  1843. 
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Mr.  S.  H.  Emmens  has  tabulated  the  following  steps  in  the  oxidation 
of  pyrite.*  Part  of  the  sulphur  of  the  pyritc  is  converted  by  the 
oxygen  and  the  moisture  of  the  atmosphere  into  sulphuric  acid,  lea>'ing 
a  residue  of  iron  monosulphide.  This  is  then  attacked  by  the  sulphuric 
acid  and  ferrous  sulphate  results,  while  at  the  same  time  sulphuretted 
hydrogen  is  evolved.     The  reactions  arc  as  follows  :t 

il.)    FeS,  -   O.,   :    H^O       Fe  S       H,S  O,. 
{2.)    FeS^    H.vSO,       Fe  S  O^       H,S. 

If  the  sulphuretted  hydrogen  comes  in  contact — as  it  naturally  must 
in  passing  through  the  rock — with  oxydizing  pyritc,  and  if,  as  Emmens 
holds,  sulphurous  anhydrite  (S  O2)  is  formed,  together  with  the  sulphuric 
acid,  the  hydrogcii  sulphide  will  react  with  the  sulphurous  anhydrite 
and  form  water  and  free  sulphur.  The  reactions  would  be  tabulated 
thus : 

a.    Fe  Sj   i    O2   -  Fc  S   ;    S  ().. 
h.    S  O..       2  H,S  -  2  H,0    :   3  S. 

or,  as  given  by  Emmens : 

(5.)     Fe  S2       O,   ■    2  H,S       Fc  S       2  H.,()       3  S. 

This  sul]jhur  may  be  in  ])art  de])Ositcd,  and  in  part  again  oxidizetl  to 
sulphuric  acid,  thus:? 

(4.)    SO,-    H,0       ILSO, 
this  latter  again  attacking  the  monosulphide  (Fe  S). 

The  third  and  fourth  reactions  probably  do  not  take  place  in  these 
shales,  the  hydrogen  sulphide  being  directly  dccom])osed  by  the  atmos- 
phere, with  the  fomiiition  of  sulphur  and  water,  the  former  being 
de|)Osited  where  the  oxidation  takes  jilacc.      Thus: 

2H,.S       O2       2H/)   ;    S,. 

• 

The  ferrous  sulphate  will  absorb  oxygen,  xind  sidphuric  acid,  if  the 
latter  is  in  excess,  and  form  ferric  sulphate,  according  to  the  following 
reactions  :§ 

(J.)    2FeSO.       0       H,S(),       Fc,  (S(),)3       H,() 

which  would  Ik.*  the  final  result  of  the  oxydalion.  Hut  if  the  amount  of 
sulphuric  acid  is  insufficient,  or  if  the  ferrous  sulj)hatc  is  carried  in 
solution  and  spread  over  the  surface  of  the  shales,  it  will  oxidize  in  part 
to  ferric  hvdrate  or  limonitc.  which  stains  the  shales.  The  reaction, 
according  to  P^mmens,  is : 

Fe  S  O4       6  0.       H,0  -  4  Fe2(S  O,)^       2  Fe.Oa  .  H,0. 

•Stephen  H.  KnimctiH:     "The   Chciiiistrv   of  Gossan,"    Iin>;inecrinK  and   MininK 
Journal,  Dec.  17,  1HI>2,  i».  r>N'J. 

ttUmnienti,  loc.  cit. 

$Loc.  cit. 
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lower  portion  of  the  mass  in  the  same  position,  and  with  the 
same  fossils  as  at  Section  5.  It  alone  furnishes  the  specimens 
of  large  Cyathophylloids  and  Atrypa  aspera  Dalman, 
which  are  so  common  in  some  portions  of  the  talus.  The 
specimens  of  Streptelasma  rectum  Hall  are  likewise  fur* 
nished  by  beds  of  the  lower  Moscow  shale. 

The  Styliolina  limestone  rapidly  thins  out  towards  the 
south,  so  that,  at  the  middle  of  the  section,  it  is  scarcely  an 
inch  in  thickness,  being  at  the  same  time  very  shaly.  The 
Genesee  shales,  in  this  section,  appear  in  their  full  thickness, 
which,  according  to  Professor  Hall,  is  twenty-three  feet  and 
seven  inches,  including  the  Styliolina  band.*  The  lower 
portion  of  this  shale  is  more  homogeneous  in  this  section, 
partaking  in  color  and  texture  more  of  the  character  of  the 
upper  beds.  The  bituminous  character  of  the  shale  as  a 
whole  is  strongly  marked,  plant  remains  and  even  coal 
seams  being  of  not  infrequent  occurrence.  Large  masses  of 
the  rock  are  usually  found  on  the  beach,  and  in  them  the 
characteristic  fossil  Lunulicardivm  fragile^  Hall,  is  often 
found  in  great  numbers.  Pyrite  grains  are  scattered 
throughout  the  shale  in  large  quantities,  and  these  on 
oxidizing  produce  the  usual  result  of  thin,  iron-stained 
shale  laminae,  which  frequently  have  iridescent  surfaces. 

One  of  the  interesting  products  of  the  oxidation  of  the 
pyrite,  is  found  in  the  sulphuretted  water,  which  trickles 
from  the  bank  at  various  places.  On  exposure  to  the  air,  the 
sulphuretted  hydrogen,  with  which  the  water  is  charged,  is 
commonly  decomposed,  (see below)  and  sulphur  is  deposited. 
This  is  well  seen  in  a  small  cavernous  indentation  in  the 
bank,  midway  between  Eighteen  Mile  and  Pike  Creeks, 
where  the  shale  walls  are  covered  with  a  thin  coating  of 
sulphur. 

•Kcp't  4.th  Oeol.  Dist.  N.  Y.,  184-3,  p.  221. 

+This  iH  the  Avicula  fragilis  Hall  of  the  Geol.  Kep't  of  the  4th  Dist.,  1843. 
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Mr.  S.  H.  Hmmens  has  tabulated  the  followinff  steps  hi  the  oxidation 
of  pyrite.*  Part  of  the  sulphur  of  the  pyrite  is  converted  by  the 
oxygen  and  the  moisture  of  the  atmosphere  into  sulphuric  acid,  leaving 
a  residue  of  iron  monosulphide.  This  is  then  attacked  by  the  sulphuric 
acid  and  ferrous  sulphate  results,  while  at  the  same  time  sulphuretted 
hydrogen  is  evolved.     The  reactions  are  as  follows  :t 

(;.)    FeS,  T  O,   '   H,0       FeS   -   H,S  ().. 
{2.)    FeS  -   H,  vSO,    r  Fe  S  O,       H,S. 

If  the  sulphuretted  hydrogen  comes  in  contact — as  it  naturally  must 
in  passing  through  the  rock — with  oxydizing  pyrite,  and  if,  as  Emmeiis 
holds,  sulphurous  anhydrite  (S  O^)  is  formed,  together  with  the  sulphuric 
acid,  the  hydrogen  sulphide  will  react  with  the  sulphurous  anhydrite 
and  form  water  and  free  sulphur.  The  reactions  would  be  tabulated 
thus : 

a.  FeS,       O,       Fc  S       SO,. 

b.  SO,       2H,S     :2H,0   ;   3  S. 

or,  as  given  by  Hmmens : 

{S.)    FeS,       O,       2H,S       FeS       2  H,0       3  S. 

This  sul])hur  may  be  in  part  dei)osited,  and  in  part  again  oxidized  to 
sulphuric  acid,  thusit 

(4.)    S  ^   O;,       H,0       H,S0, 
this  latter  again  attacking  the  monosulphide  (Fe  S). 

The  third  and  fourth  reactions  probably  do  not  take  place  in  these 
shales,  the  hydrogen  sulphide  being  directly  decomi)Osed  by  the  atmos- 
phere, with  the  formation  of  sul])hur  and  water,  the  former  l)eing 
deposited  where  the  oxidation  takes  place.     Thus: 

2  H,S   ^   O,       2  H,()       S,. 

The  ferrous  sulphate  will  absorb  oxygen,  and  sulphuric  acid,  if  the 
latter  is  in  excess,  and  form  ferric  sulphate,  according  to  the  following 
rcc'ictions  :§ 

(5.)    2FcS04       O       H,S()»       Fc,  (SOJH       H,() 

which  would  Iw  the  final  result  of  the  oxydation.  Hut  if  the  amount  of 
sul])huric  acid  is  insufficient,  or  if  the  ferrous  sulphate  is  carried  in 
solution  and  s])read  over  the  surface  of  the  shales,  it  will  oxidize  in  i)€'irt 
to  ferric  hvdrate  or  limonite,  which  stains  the  shales.  The  reaction, 
according  to  Hmmens,  is : 

FeSO<   -6  0.       H,0  -  4  FcjCS  0»)3       2  Fe,03  .  H,0. 

•Stephen  H.  Hmmens:     "The  Chcniistrv   of  Gohhiui,"    Iin^rineerin^  and  Mining 
Journal.  Dee.  17,  lHi»'J,  p.  r>S2. 

ttBmmenH,  loc.  cit. 

f  Loc.  cit. 
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lower  portion  of  the  mass  in  the  same  position,  and  with  the 
same  fossils  as  at  Section  5.  It  alone  furnishes  the  specimens 
of  large  Cyathophylloids  and  Attypa  aspera  Dalman, 
which  are  so  common  in  some  portions  of  the  talus.  The 
specimens  of  Strcptelasma  rectum  Hall  are  likewise  fur^ 
nished  by  beds  of  the  lower  Moscow  shale. 

The  Styliolina  limestone  rapidly  thins  out  towards  the 
south,  so  that,  at  the  middle  of  the  section,  it  is  scarcely  an 
inch  in  thickness,  being  at  the  same  time  very  shaly.  The 
Genesee  shales,  in  this  section,  appear  in  their  full  thickness, 
which,  according  to  Professor  Hall,  is  twenty-three  feet  and 
seven  inches,  including  the  Styliolina  band.*  The  lower 
portion  of  this  shale  is  more  homogeneous  in  this  section, 
partaking  in  color  and  texture  more  of  the  character  of  the 
upper  beds.  The  bituminous  character  of  the  shale  as  a 
whole  is  strongly  marked,  plant  remains  and  even  coal 
seams  being  of  not  infrequent  occurrence.  Large  masses  of 
the  rock  are  usuallv  found  on  the  beach,  and  in  them  the 
characteristic  fossil  Lunulicardivm  fragile^  Hall,  is  often 
found  in  great  numbers.  Pyrite  grains  are  scattered 
throughout  the  shale  in  large  quantities,  and  these  on 
oxidizing  produce  the  usual  result  of  thin,  iron-stained 
shale  laminae,  which  frequently  have  iridescent  surfaces. 

One  of  the  interesting  products  of  the  oxidation  of  the 
pyrite,  is  found  in  the  sulphuretted  water,  which  trickles 
from  the  bank  at  various  places.  On  exposure  to  the  air,  the 
sulphuretted  hydrogen,  with  which  the  water  is  charged,  is 
commonly  decomposed,  (see below)  and  sulphur  is  deposited. 
This  is  well  seen  in  a  small  cavernous  indentation  in  the 
bank,  midway  between  Kightecn  Mile  and  Pike  Creeks, 
where  the  shale  walls  are  covered  with  a  thin  coating  of 
sulphur. 

•Kci>'l  +lh  r,eol.  l>isi.  N.  Y..  IS+a.  p.  'JIIV 

fThis  is  the  Avicvla  trn^ilis  Hall  ot  the  Geol.  Kep't  oi  the  4th  l>i»t..  18^43. 
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Mr.  S.  H.  Emmcns  has  tabulated  the  following  stci)s  in  the  oxidation  , 
of  pyrite.*  Part  of  the  sii1])hiir  of  the  jiyrite  is  converted  by  the 
oxygim  and  the  moisture  of  the  atmosphere  into  sul])hiirie  acid,  leaving 
a  residue  of  iron  monosulphide.  This  is  then  attacked  by  the  suli)huric 
acid  and  ferrous  sulphate  results,  while  ni  the  same  time  sul])huretted 
hydrogen  is  evolved.     The  reactions  are  as  follows  :t 

(/.)    FeS,   ;   Oj       H,0       FeS       H,vS  (),. 
(2.)    FeS  -   H,  S(\       FeSO,       H,vS. 

If  the  sulphuretted  hydrogen  comes  in  contact — as  it  naturally  must 
in  passing  through  the  rock — with  oxydizing  ])yrite,  and  if,  as  Hmmens 
holds,  sulphurous  anhydrite  (S  O.^)  is  formed,  together  with  the  sulphuric 
acid,  the  hydrogen  8ul]jhide  will  react  with  the  sulphurous  anhydrite 
and  fonn  water  and  free  sulphur.  The  reactions  would  be  tabulated 
thus : 

a.  FcSj   •   Oj       FeS   ;   SO,. 

b.  SO,  '    2H,S       2H,()       3S. 

or,  as  given  by  Emniens : 

(3.)     FeS,    :    O,       2  H,S       FeS       2  H,0       3  S. 

This  sulphur  ma3'  be  in  part  dci)osite(l,  and  in  jKirt  again  oxidize<l  to 
sulphuric  acid,  thus:^' 

(4.)    S  •   O,  ^   H,()       H,S(), 
this  latter  again  attacking  the  monosul])hide  (Fe  S). 

The  third  and  fourth  reactions  probably  do  not  take  place  in  these 
shales,  the  hydrogen  sul])hide  being  <lircctly  dec<)mi)osed  by  the  atmos- 
phere, with  the  formation  of  sul])hur  and  wfitcr,  the  former  being 
dc])08itcd  where  the  oxidati<ni  takes  jilace.      Thus: 

2H,S   •    O,       2H,()       S,. 

The  ferrous  sulphate  will  absorb  oxygen,  an<l  sulphuric  acid,  if  the 
latter  is  in  excess,  and  form  ferric  sulphate,  according  to  the  following 
reactions  :$ 

(5.)    2FeSO,    ■■   O       H.SO,       Fc,  (S(),)a       11,0 

which  would  Ik*  the  final  result  of  the  oxydation.  Hut  if  the  amount  of 
sulphuric  acid  is  insufficient,  or  if  tlic  ferrous  sul])hate  is  carric<l  in 
solution  and  8]>rcad  over  the  surface  of  the  shales,  it  will  oxi<lize  in  part 
to  ferric  hydrate  or  limonite,  which  stains  the  shales.  The  reaction, 
according  to  Eniniens,  is : 

FeSOi   i    6  0.    i    H,0       4.Fe,(S(),):,       2  Fe.O,  .  H,0. 

•Stephen  II.  KmmeiiH:     "The   Chciiii«trv   of  Ooms.'iii."    lilnKiiuiriiiK  and  MiniiiK 
Journal.  I>cc.   17,  \H*J'2,  p.  rtH'2. 

ttKmmenM,  loc.  cit. 

f  Loc.  dt. 
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If  lime  is  present  in  the  shales,  this  will  react  with  the  ferric  sulphate 
to  form  calcium  sulphate  and  ferric  oxide;  the  latter  being  insoluble, 
will  be  deposited  where  formed.*    The  reaction  is: 

FcjCSO,):,   ;    aCaCO:,       aCavSO,   ;    Fe,A  -3  CO.,. 

The  calcium  sulphide  will  be  hydra  ted  and  deposited  as  gypsum,  as  was 
noted  in  some  porti<ms  of  the  ui)]3er  Moscow  shales. 

The  ferrous  sulphate  may  react  directly  with  the  calciimi  carbonate  of 
the  shales,  giving  calcium  sul])hatc  and  ferric  carbcmate.  The  former 
is  hydrated  and  deposited  as  gypsum,  \Yhile  the  ferrous  carbonate  is 
carried  off  in  solution.  This  mav  accotmt  for  the  absence  of  much  iron 
stain  on  the  shales  in  which  the  gypsum  crystals  arc  formed.  Eventu- 
ally cm  exjiosure  to  the  atmosphere,  the  terrous  carbcmate  will  oxidize 
to  insoluble  ferric  hydrate,  which  will  be  deposited. 

Concretions  are  not  uncommon  in  this  shale.  Thev  are 
usually  of  iron  pvrite,  or  at  least  have  a  pyrite  nucleus. 
Occasionally  they  have  a  septarian  structure,  with  veins  of 
crystalline  calcite,  siderite,  or  more  rarely,  barite.  The  gray 
Naples  or  Cashaqua  shales,  appear  between  the  Genesee 
below,  and  the  black  Naples  or  Gardeau  shales  above.  They 
are  readily  recognized  by  their  gray  color,  the  numerous 
rows  of  concretions,  and  the  sloping,  more  or  less  weathered 
face  which  they  present.  The  rocks  above  and  below  form 
perpendicular  banks,  and  consequently  whatever  vegetation 
grows  on  the  face  of  the  cliff,  is  chiefly  confined  to  the  por- 
tion formed  by  the  Cashaqua  shales.  The  upper  (Gardeau) 
shales,  are  exposed  in  the  first  half  mile  of  the  cliff,  after 
which  they  are  absent  for  a  greater  distance,  the  banks 
decreasing  to  less  than  half  their  original  height. 

This  decrease  in  height  begins  at  the  **  uplift/' a  thrust 
fault  of  considerable  magnitude,  when  the  general  undis- 
turbed character  of  the  strata  of  this  region  is  taken  into 
consideration.  The  fault  appears  in  a  recession  of  the  bank, 
which  is  due  to  the  weakening  of  the  strata  by  the  fault,  and 
consc(|uctitly  the  greater  readiness  with  which  they  succumb 
to  the  attack  of  the  waves.    The  vertical  displacement  of  the 

•In  this  manner  shells  xirc  oltcn  entirely  replaced  bj*  limonite. 
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strata  in  this  fault,  is  about  four  feet*,  and  the  thrust  i)lane 
passes  obliquely  upward  from  right  to  left.  The  ui)j)er 
strata,  /.  e.  the  Genesee,  which,  with  the  Hamilton  beds  are 
alone  involved,  are  flexed  and  broken,  some  portions  stand- 
ing on  end,  the  whole  having  the  appearance  of  a  mono- 
clinal  fold.  The  Moscow  shales  are  much  fractured  along 
the  shearing  plane,  and  present  the  characteristic  features  of 
the  "crushed  zone'*  of  such  displacements.  The  Encrinal 
limestone  is  completely  broken,  the  right  hand  portion  being 
raised  four  feet  above  the  left  hand  portion.  Professor  Hall 
who  described  and  figured  this  fault!-,  found  stria'  on  the 
faces  of  one  of  the  oblique  fissures,  a  feature  not  unusual  in 
such  displacements.    (Sec  Plate  XVI. ). 

The  crushed  zone  has  afforded  a  suitable  avenue  of  escape 
for  the  sulphuretted  waters  from  the  (icnesec  shale,  c'lnd  the 
odor  of  the  sulphuretted  hydrogen  is  very  strong  near  the 
fault,  while  deposits  of  sidphm*  are  not  imcommon  on  the 
face  of  the  cliff. 

Just  before  reaching  the  ** uplift"  the  Bncrinal  limestone 
descends  almost  to  water  level.  Beyond  the  ui)lift  it  (|uickly 
returns  to  this  level,  forming  a  floor  of  rock  for  some 
distance  along  the  shore,  and  finally  (lipi)ing  below  the 
water.  The  coral  layer  of  the  lower  Moscow  shale  ai)pcars 
to  advantage  in  this  ])orti(m  of  the  difl',  numerous  large 
cyathophylloids  characterizing  it. 

From  the  uplift,  to  Pike  Creek,  the  l)ank  is  low,  scarcely 
rising  above  thirty  feet,  and  is  made  uj)  of  the  Moscow  and 
Genesee  shales.  At  Pike  Creek  less  than  half  of  the  Moscow 
shales  is  exposed,  their  final  disajijiearance  l)elow  the  lake 
level  occurring  about  a  cjuarter  of  a  mile  beyond  the  mouth 
of  that  creek. 

The  mouth  of  Pike  Creek  i)resents  an  interesting  fciture, 
due  to  the  combined  wave  and  stream  erosion.    The  oi)ening 

*Hall,  Rep't  4th  Ocol.  IMhI.,  INO.n.  p.  L*l)r>. 
fLoc.  dt.,  p.  295.  flK.  141. 
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in  the  rock  wall  is  very  broad,  and  in  the  centre  is  a  mass  of 
shale  completely  separated  from  the  main  bank,  and  rising 
like  the  sea-stacks  of  the  English  and  Scottish  coast  from 
the  general  platform  of  rock,  which  forms  the  bed  of  both 
the  stream  and  the  lake.  The  illustration  given  below — 
(Plate  XVII.),  represents  the  vStack  as  it  appeared  in  1888. 
The  dead  tree  at  its  further  end  has  long  since  fallen, 
through  the  continued  crumbling  of  the  rock,  as  will  be 
noticed  in  the  photograph  reproduced  in  Plate  XVIII.  A 
reference  to  Plate  V.  of  the  Report  on  the  Geology  of  the  4th 
District  will  show  that  these  conditions  did  not  exist  in 
1843.  Only  a  single  mouth  is  indicated  for  Pike  Creek, 
which  is  the  opening  shown  in  the  right  of  the  illustration 
(Plate  XVII.).  The  other  and  smaller  one  between  the 
stack  and  the  main  bank  was  cut,  according  to  the  testi- 
mony of  the  residents,  within  the  last  thirty  or  forty  years. 

In  the  ravine  of  Pike  Creek,  the  Genesee  shales  alone  are 
exposed,  the  bed  of  the  stream  furnishing  a  good  opportunity 
for  the  exploration  of  these  strata.  For  some  distance  be- 
yond Pike  Creek,  the  Genesee  shales  form  the  top  of  the  cliff. 
Farther  on,  the  gray  Naples  (Cashaqua)  shales  appear 
again  in  the  cliff,  rising  to  a  height  of  about  fifty  feet.  The 
Genesee  shales  disappear  below  water  level  about  two  miles 
south  of  the  mouth  of  Eighteen  Mile  Creek.  Before  the 
section  comes  to  an  end,  the  black  Naples  (Gardeau)  shales 
again  make  their  appearance,  the  Cashaqua  shales  dipi)ing 
below  the  water  near  the  end  of  the  section. 

Several  of  the  projecting  points  of  this  portion  of  the  cliff 
can  not  be  rounded  by  the  pedestrian  on  the  beach,  unless  he 
is  willing  to  wade  in  water  sometimes  waist-deep.  These 
projecting  headlands  afford  interesting  examples  of  the 
carving  and  undercutting  action  of  the  waves,  which, 
during  storms,  hurl  pebbles  against  the  foot  of  the  cliff. 
The  smooth,  cavernous  indentations  are  excellent  illustra- 
tions of  phenomena  frequently  noted  on  a  larger  scale,  on 
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the  rocky  shore  of  New  Bngland,  and  the  rock  bound  coasts 
of  other  regions. 

Beyond  the  first  of  these  i)rojecting  j)oints,  another  thrust 
fault  of  similar  character  to  the  **ui)lift/' ai)i)ears  in  the 
bank.  As  in  the  case  of  the  latter,  this  fault  passes  upward 
into  a  monoclinal  fold,  while  the  lower  strata  alone  are 
fractured,  portions  of  them  being  turned  on  end. 

From  the  point  where  the  shale  a])i)ears  again  in  the 
bank,  something  over  three  miles  below  the  mouth  of 
Eighteen  Mile  Creek,  as  far  as  Sturgeon  Point,  the  cliflTs  are 
comparatively  low,  and  composed  wholly  of  the  black 
Naples  or  Gardeau  shales.  Septaria  are  common  in  these 
shales,  and  they  often  reach  a  large  size.  One  of  these 
which,  I  observed  in  the  bank  some  years  ago,  was  per- 
fectly elliptical  in  outline,  its  length  and  thickness  l)eing 
twelve  and  ten  inches  respectively.  It  had  been  sj)lit  in  two 
by  a  joint  crack,  and  the  se])tarian  structure  was  clearly 
visible.  The  shale  above  and  below  curved  around  the 
concretion,  this  being  caused  by  the  settling  of  the  whole 
mass  upon  the  shrinking  of  the  clay  beds  during  the  process 
of  lithification. 

Before  reaching  Sturgeon  Point,  the  shale  disap])ears,  and 
the  banks  for  some  distance  are  com])osed  of  sand  and  clay, 
with  occasional  outcrops  of  the  shale  near  the  water's  edge. 
Septaria  of  great  size  are  common  on  the  beach.  At  Stur- 
geon Point  the  shale  ai)pears  again  in  the  bank,  and  is 
visible  for  some  distance.  It  is  black,  highly  bituminous, 
and  contains  plant  and  fish  remains.  The  latter  are  of 
great  interest,  and  are  occasionally  found  in  a  very  good 
state  of  preservation. 

The  following^  notes  on  the  fish-remains  found  iij)  to  date  fit  Stnr^eon 
Point,  were  kindly  furnished  by  Mr.  F.  K.  Mixer,  who  has  lor  many 
years  studied  the  fish  horizons  of  this  vieinity  : 

"The  first  of  the  remains  described  from  the  shales  at  Stiirj^ecm  Point, 
was  the  dorso-median  i)late  of  a  new  six.»cies  ni  Dinichthys,  which  by  its 
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discoverer  and  dcscribcr,  Dr.  II.  N.  S.  KingiiclKT^,  was  named  I),  minor* 
This  name  being  i)re-()cen|)ied,  I),  ritif^uchcrf^i  was  substituted  for  it  by 
Newberry. t  In  1886,  Dr.  Herbert  Ui)ham  Williams  described  and 
fi^^nred  two  new  sjiecies,  both  of  the  genus  Palfvoniscus  De  Blainville.+ 
These  were  P.  riticuhitus  H.  U.  Williams  and  P.  antiquus  H.  U.  Wil- 
liams. With  these  were  found  remains  of,  probably,  Dinichthys  rhif^uc- 
hergi  Newberry  (I).  m//jor  Ringuebcrg).  Since  that  time  a  number  of 
remains  have  come  to  light  from  these  shales,S5  among  which  the  follow- 
ing may  be  menti(med :  1. — A  s])ecimen  showing  both  rami  of  the 
mandible  of  a  Dinichthys^  which  may  l)c  referred  to  D.  minor  Newberry 
with  a  good  deal  of  reservation,  since  the  terminal  portion  is  completely 
crushed,  and  beyond  the  recognition  of  the  characteristic  features.  Its 
size  is  intermediate  between  that  of  D.  minor  Newb.  and  that  of  I), 
ncwlicrryi  Clarke.  2. — A  s|)ecimen  of  an  undescribcd  DinichthySy  con- 
siderably weathered.  3. — A  specimen  which  appears  to  be  the  terminal 
tooth  of  I),  minor  Newb.,  but  smaller  than  the  usual  form.  Besides 
these  there  are  sjK^cimens  referable  to  Mylostoma  vanabilis  Newberry, 
Cailoj^nathus  serrntus  Newberry,  and  a  large  scale  which  appears  to 
belong  to  a  species  of  Iloloptychius^hvkt  further  examination  may  result 
in  placing  it  in  a  new  genus.  These  remains  of  fishes  arenot  found  in  any 
great  abundance.  They  have  to  be  carefully  looked  for  over  a  consider- 
able area  at  Sturgeon  Point,  and  they  are  found  most  frequently  asso- 
ciated with  two  species  nf  Lingvia — L.  concentn'ca  Conr.,  (probably  a 
variety  of  Schizoholus  truncatus  Hall)  and  L.  spatulata  Vanux.,  with 
(ioniatites,  Lepidodcndra,  Catamites  and  Conodonts.  The  larger 
8ix?cimens  of  fish  remains  are  usually  so  much  weathered,  that  their 
identification  iK'comes,  if  not  impossible,  yet  a  matter  of  extreme 
difficulty." 

Beyond  Sturgeon  Point  the  shale  disappears  again,  and 
unconsolidated  material  takes  its  place.  In  many  places  the 
bank  is  low,  and  largely  composed  of  sand  dunes,  in  others 
it  is  a  sand  and  clay  cliff,  which  bears  evidence  of  being 
constantly  eroded  bv  the  waves.  Trees  and  shrubs  have 
slid  down  the  bank,  and  are  now  growing  from  it  at  all 
angles. 

At  "Dibble  Point.*'  l>evond  the  mouths  of  the  Sister  Creeks, 
the  shales  appear  again  in  a  low  cliff.  They  vary  in  color 
from   (lark  gray  tt)  black,  and  are  full  of  septaria,  most  of 

•Am,  liMiin.  SoicuiH-.  Vol.  l*?.  p.  47t>.  1  SS+.     With  fijnircs. 

IThc   Pal.votoio   IMshcs  of  North  America  by  J.  S.  NcwIkttt.     Mon.  XVI.,  V.  S. 
r.col.  Surv..  p    t»0. 

JIUiU.  UntV.  8oc.  Nat.  SviciuYs.  \\>1.  V..  No.  2.  pp.  S1.S4;  one  pintr. 
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which  are  of  gigantic  size,  individuals  six,  eight,  or  even  ten 
feet  in  diameter  lacing  common.  Many  of  them  exhibit 
grotesque  imitative  forms,  and  arc  often  taken  for  i)re- 
historic  monsters,  which  some  freak  of  nature  has  i)reservcd 
in  all  their  grotes(|ueness.  These  concretions  are  of  similar 
size  to  those  found  in  the  gorge  of  Ivightcen  Mile  Creek  near 
the  forks,  and  it  is  ])ossible  that  the  same  bed  is  represented 
in  both  localities.    Another  small  fault  occurs  in  this  cliff. 

The  septarium-strewn  beach  finally  gives  way  once  more 
to  asandj'  and  jx^bbly  beach,  iK^hind  which  the  banks  again 
consist  of  unconsolidated  material,  which  completely  con- 
ceals the  underlying  shale  beds. 

Beyond  Muddy  Creek  the  shales  appear  again.  The  bank 
is  at  first  only  eight  feet  high,  but  soon  rises  to  the  height  of 
thirty  feet  or  more.  This  is  at  Harrison's  Point,  a  rockv 
headland,  the  base  of  which  is  washed  bv  the  waves  the  vear 
round.  The  cliff  beyond,  descends  pcrinrndicularly  to  the 
water,  and  ordinarily  ])assagc  along  its  base  is  im])ossiblc. 
These  conditions  continue  tor  sonic  distance,  after  which  the 
cliffs  are  again  fronted  by  sand  and  gravel  beaches.  Several 
of  the  points  l^eyond  this,  however,  project  far  out  into  the 
water,  so  that  ordinarily  travel  on  the  beach  is  im])racti- 
cable.  Near  Cattaraugus  Creek  the  banks  are  low,  and  for 
the  most  part  com])ose(l  of  unconsolidated  material. 

It  will  be  observed  that  the  highest  members  of  the 
Genesee  stage,  /.  c.  the  Xaj^lcs  ((jardcau)  flags,  are  not 
exposed  in  the  section  along  the  lake  shore.  This  is  due  to 
the  fact  that  the  sections  extend  in  a  genenil  south-west 
direction,  which  does  not  varv  much  from  the  direction  of 
the  strike  of  the  strata  in  this  region.  C<mse(|uently  most 
of  the  sections  exhibit  strata  halving  a  very  low  dip,  and 
therefore  no  great  stratigraphic  ascent  has  been  m<'ule  by 
the  time  the  county  line  is  reached.  The  flagstones  of  this 
stage,  as  well  as  the  sfindstoncs  of  the  lower  Chemung  stage 
(the  Portage  sandstones)  are  however,  found  in  the  higher 
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south-eastern  portions  of  the  county,  where  they  are  ex- 
posed in  ravines  and  water  courses,  and  uncovered  in 
quarries. 

B.    The  North  Shore  Cliffs. 

North  of  the  mouth  of  Eighteen  Mile  Creek,  there  are  five 
sections,  which  are  of  sufficient  importance  to  require 
separate  and  detailed  descriptions. 

THE  IDLEWOOD  CLIFF. 
Plate  XXII. 

This  section  extends  from  the  mouth  of  Eighteen  Mile 
Creek  northward  to  the  old  drift-filled  gorge  noted  above. 
The  cliff  is  usually  steep,  but  much  weathered,  and  many 
places  are  thickh'  overgrown  by  vegetation.  The  beach  at 
the  foot  of  the  cliff  is  very  broad,  and  the  waves  ordinarily 
do  not  reach  the  cliff.  In  consequence,  a  strong  talus 
has  accumulated  at  the  foot  of  the  cliff,  thus  obscuring 
many  of  the  lower  strata. 

At  Idlewood,  the  cliff  has  a  total  height  of  something  over 
sixty  feet.  At  the  top,  six  feet  of  the  Moscow  shales  are 
exposed,  these  therefore,  including  the  whole  of  the  shale 
bearing  the  Spirifer  consobrinus  fauna.  If  care  is  taken  to 
collect  all  the  fossils  when  excavations  are  made,  prepara- 
tory' to  the  erection  of  new  cottages,  a  most  complete  series 
of  specimens  of  this  fauna  may  be  obtained.  The  natural 
exposures  in  this  cliff  are  such,  that  the  Moscow  shales  can 
not  be  readily  examined.  The  Encrinal  limestone  is  exposed 
in  the  cliff  at  Idlewood,  its  average  thickness  being  one  foot 
and  a  half.  It  may  be  traced  for  some  distance  northward, 
after  which  it  is  not  seen  again  until  near  the  northern  end 
of  the  next  section.  The  calcareo-argillaceous  layer  first 
noticed  at  the  u])i)er  end  of  Section  8  in  Eighteen  Mile 
Creek,  forms  a  prominent  band  on  the  face  of  the  cliff,  ten  or 
twelve  feet  above  the  base.  About  seven  feet  above  it,  the 
Modiomor])ha  subalata  bed  is  seen,  forming  a  distinct  band 
one  inch  wide,  on  the  cliff.     At  the  base  of  the  cliff  the  three 


;• 


b  •  •• 


*  * 


i 

4 


9 

9 


•», 


'»' 


57 

Trilobite  beds  appear,  having  all  the  characters,  and  the 
same  species  of  fossils,  as  those  noted  in  their  exposures  in 
the  gorge  of  Eighteen  Mile  Creek.  The  lowest  bed,  not  fully 
exposed  there,  exhibits  its  full  thickness  of  one  foot  in  this 
section.  In  some  places  the  shale  underlying  the  lowCvSt 
Trilobite  bed  is  seen,  bearing  Athyris  spiriferoklcs  (Eaton), 
and  Spitifsr  mucronatus  ( Conrad ).  At  the  lo\Ycr  end  of  this 
section  the  Trilobite  layers  appear  on  the  beach,  \Yherc  they 
form  a  distinct  shelf  or  platform,  at  the  water's  edge. 

Altogether  this  section  is  not  a  good  one  at  the  i)resent 
time,  though  some  years  ago,  when  «i  cutting  w«'is  made 
into  it  for  a  roadway,  it  afforded  an  excellent  ()i)p()rtunity 
for  collecting  fossils. 

WANAKAII    CLIFr. 

platkk  XX in  AM.  XXIV. 

This  cliff  begins  north  of  the  drift-filled  gorge,  on  the  land 
of  Mr.  Albert  Meyer.  It  extends  north w«'ird  for  about  a  mile 
and  a  half,  and  terminates  in  a  bluff  seventy-five  feet  high. 
The  northern  end  of  the  bluff  drops  off  (piitc  suddenly,  and  a 
long  stretch  of  low  clay  brinks,  with  occasional  outcrops  of 
shale  on  the  Ixjach.  succeeds  this  section,  and  separates  it 
from  the  next  one. 

The  cliff  at  the  southern  end  is  vcrv  low,  and  much  broken. 
There  is  considerable  accumuh'ition  of  debris  at  the  bc'ise,  which 
has  to  be  removed  if  the  lowest  stnita  arc  to  be  examined. 
The  Trilobite  Ixjds  apjiear  jirominently  in  the  bank,  the  base 
of  the  lowest  l)eing  some  eight  or  ten  feet  above  normal 
water  level.  In  their  total  thickness  these  beds  do  not  differ 
much  from  the  Eighteen  Mile  Creek  outcrops,  but  in  the  sub- 
divisions into  shalv  and  calcareous  beds,  some  variations 
are  observable.  The  most  important  strata,  however,  occur 
again,  /.  e.  the  lower  bed  (one  foot  thick),  and  the  shale  next 
above,  (with  Athyris  spirifcn^idcs I  Eaton ),  and  Sircpiclnsnui 
rectum  Hall).     Half  wav  up  the   bank    appears  the  cal- 


58 

carcous  layer  noted  in  other  sections  as  lying  about  six 
feet  above  the  upper  Trilobite  bed.  This  contains  many 
robust  specimens  of  Spirifer  mucronatus  (Conrad),  but  few 
other  fossils  are  found.  Mr.  Albert  Meyer  has,  however, 
obtained  some  interesting  fish  remains  from  a  fragment  of 
rock  which  probably  cam^  from  this  bed. 

About  five  feet  of  the  shales  below  the  Trilobite  beds  are 
exposed.  The  upper  two  feet  of  these  are  highly  fossiliferous. 
The  fossils  are  mainly  brachiopods,  of  the  genera  Spirifer^ 
Strophcodontay  Rhipidomella^  A thyrisy  Chonetes,  etc.  Below 
this  the  shale  is  less  fossiliferous,  down  to  about  five  feet 
below  the  lowest  Trilobite  bed.  Here  a  hard  calcareous 
layer  occurs,  an  inch  or  two  in  thickness,  in  which  fossils  are 
very  abundant.  The  large  Spirifer  granulosus  (Conrad), 
which  was  found  to  be  characteristic  of  the  Demissa  bed, 
and  of  the  Encrinal  limestone,  occurs  here  in  considerable 
numbers.  Many  other  fossils  occur  with  it,  among  which 
may  be  mentioned  Tropidoleptus  carinatus  (Conrad),  which 
is  almost  absent  from  the  shale  between  this  bed  and  the 
Encrinal  limestone,  but  is  abundant  in  the  latter  rock.  Less 
than  a  foot  below  this  bed  is  another  of  similar  character, 
which  however,  is  usually  covered  by  the  debris  on  the 
l)each.  In  this  bed  the  little  Favositoid  coral,  Pleurodictvum 
styloporn  ( Eaton )  is  met  with  for  the  first  time,  this  being 
the  highest  bed  in  which  the  fossil  occurs  in  this  region. 
Spirifer  granulosus  (Conrad)  is  also  common  in  this  bed, 
and  besides  these,  twenty  other  species  of  fossils  have  been 
obtained  from  it.  Among  them  should  be  mentioned  a 
si)ecimen  of  (u^niaiites  uniangularis  Conrad,  completely  re- 
placed by  iron  ])Yrites,  as  well  as  a  number  of  specimens  of 
Orthoceras  similarly  replaced.  This  bed  is  the  upper  one  of 
three,  in  all  of  which  Pleurodictvum  stylopora  (Eaton)  is 
common,  and  to  these  beds  it  is  restricted  in  this  region. 
These  strata  have,  therefore,  been  named  the  Pleurodictvum 
beds,*  and  will  later  he  described  more  at  length. 

•Faunaa  of  the  Hamilton  Group,  etc. 
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In  a  little  ravine  near  the  center  of  the  section,  a  good 
opportunity  is  afforded  for  the  exploration  of  the  Modio- 
morpha  subalata  bed,  which  is  twenty-five  feet  below  the 
Encrinal  limestone.  This  bed  appears  near  the  center  of  the 
cliff"  as  a  well-marked  band  one  inch  wide,  whence  it  can  be 
traced  in  the  bank  of  the  ravine,  to  a  little  beyond  a  foot 
bridge,  where  the  layer  produces  a  small  fall  or  rapid  in  the 
bed  of  the  stream.  Modiomorpha  subalata  (Conrad)  is 
extremely  abundant,  while  the  other  fossils  in  this  bed  are 
rare.  M.  subalata  occurs  in  the  beds  above  and  below,  but 
nowhere  in  these  shales  is  it  so  abundant,  or  so  well  pre- 
served. The  floor  of  the  old  Devonian  sea  must  have  been 
thickly  covered  with  these  jmcient  mussels,  which  formed  a 
bed  similar  to  those  near  our  modern  shores.  The  Trilobite 
beds,  and  the  calcareous  layer  above  them,  likewise  api)ear 
in  the  floor  and  banks  of  the  little  ravine. 

Beyond  this  ravine,  the  clifl'  ra])idly  increases  in  height, 
until  in  its  last  third,  it  has  a  height  of  seventy-five  feet  or 
more.  It  there  forms  one  of  the  finest  sections  fin  v where  to 
be  seen  in  this  region.  The  perpendicuL'ir  face  of  the  cliff,  the 
projecting  Encrinal  limestone  half  way  up,  and  the  over- 
hanging prismatic  blocks  of  black  (icnesee  shale  on  toj),  are 
the  most  striking  features,  and  all  combine  to  make  the 
height  of  the  cliff  seem  greater  than  it  «'ictually  is.  At  the 
northern  end  of  the  section  the  Trilobite  layers  api)ear()n  the 
beach,  forming  a  shelf  c'lt  the  water's  edge.  The  middle  bed 
is  highly  fossiliferous,  while  the  shale  just  below  is  full  of 
Streptelasma  rectum  Hall.  The  ai)i)arcnt  northward  dip 
of  the  Trilobite  l)eds  is  due  to  the  direction  in  which  the 
section  is  cut,  which  in  its  lower  part  is  more  east  and  west 
than  north  and  south. 

Large  slabs  of  Encrinal  limestone  occur  on  the  l)each, 
containing  Heliophylluiu  conllucns  1 1  all,  several  si)ecies  of 
ZaphrentiSf  and  a  large  number  of  crinoid  stems.  Strophco- 
donta  concBva  Hall  is  also  common  in  the  limCvStone. 
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ERIE  CLIFF. 
Plate  XXV. 

This  section  is  best  approached  from  Hamburgh-on-the- 
lake  station.  To  the  right  of  the  road  which  leads  from  the 
station  to  the  shore,  is  Avery's  Creek,*  a  small  stream, 
which  has  cut  several  sections  in  the  rock.  Near  the  rail- 
road crossing,  the  hard  layer,  six  feet  above  the  Trilobite 
beds,  appears  in  the  bank,  included  by  shale  above  and 
below.  Farther  down  the  stream,  the  Trilobite  layers  are 
exposed  in  the  bed  of  the  stream,  where  they  are  the  cause  of 
rapids.  They  contain  essentially  the  same  fauna  as  at 
Eighteen  Mile  Creek  and  the  sections  on  the  Lake  Shore, 
except  that  the  trilobites  are  somewhat  less  abundant.  The 
beds  here  are  subdivided  as  follows  in  descending  order : 

Argillo-arenaceous  limestone 3  inches 

Shale  with  few  fossils 3 

Limestone  similar  to  above 4 

Fissile  shale 8 

Arenaceous  limestone,  somewhat  shaly  and  very 

fossiliferous 12       ** 

Total 30  inches 

In  the  middle  bed  the  rare  trilobite  Homalonotus  dekayi 
(Green)  was  found.  The  two  feet  of  shale  next  below  the 
Trilobite  beds  contain  a  rich  fauna,  which  recalls  the  fauna 
of  the  Demissa  bed  in  the  upper  Hamilton  shales.  Spirifer 
mucronatus  (Conrad)  is  very  common,  and  Athyris  spirifer- 
oides  (Eaton),  and  Streptelasma  rectum  Hall  are  likewise 
abundant.  Rhipidomella  penelope  Hall  is  one  of  the  rarer 
forms  found  here,  Tropidoleptus  carinatus  (Conrad)  being 
another.  Rhipidomella  leucosia  Hall  and  R.  cyclas  Hall 
are  among  the  forms  seldom  found  above  this  shale.  Alto- 
gether more  than  thirty  species  of  fossils  occur,  most  of 
which  are  brachiopods.f 

•The  stream  is  named  after  Mr.  Traman  G.  Avery,  the  proprietor  of  the  land 
through  which  it  runs. 

fPof  a  list  of  the  fossils  obtained  from  these  and  the  lower  beds  see  the  author's 
paper  on  the  Paimasofthe  Hamilton  Group  of  Eighteen  Mile  Creek  and  Ticinity. 
—Ami.  Sept.  Btate  Oeol.  N.  Y.  1896. 
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Below  this  shale  occurs  n  hard  calcareou.s  laver  less  than 
an  inch  in  thickness.  This  is  esi)eciiilly  rich  in  bryozoans, 
which  sometimes  make  up  the  bed.  Tl;e  shale  l>elow  this 
bed  is  less  fossilifcrous  and  fissile  than  that  above.  About  a 
dozen  species  of  fossils  occur,  but  all  of  them  fire  rare. 
Among  them  is  Homalonotus  clcknyi  ( (ireen ). 

About  four  feet  below  the  Trilobitc  layers  is  another  hard 
calcareous  layer,  something  over  an  inch  in  thickness.  This 
is  full  of  fossils,  among  which  Spiri/cr  granulosus  ( Conr. ) 
predominates.  It  corresponds  to  the  layer  noted  in  a  similar 
position  at  the  upj^r  end  of  Wannakah  Cliff. 

Less  than  a  foot  below  this  calcareous  layer,  or  about  five 
feet  below  the  Trilobite  beds,  api)ears  the  first  or  upper 
Pleurodictyum  bed.  The  second  and  third  are  immediately 
below  it,  all  of  them  being  exposed  in  the  bed  of  the  stream, 
beyond  the  last  bend,  or  not  very  far  from  Mr.  Avery's  barn. 
None  of  the  beds  have  a  very  great  thickness,  the  lowest  and 
thickest  not  exceeding  four  inches.  As  already  noted,  the 
little  coral  Pleurodictyum  stylopora  (Haton)  is  wholly  re- 
stricted to  them,  and  occurs  in  grc«'it  numlK*rs,  being  cs])c- 
cially  common  in  the  middle  one  of  the  three  beds.  With  it 
occurs  Spirifer  granulosus  (Conrad),  which  is  frecjuently 
overgrown  with  bryozoa  and  corals. 

Altogether  these  are  the  richest  l)eds  in  the  lower  Hamil- 
ton shales,  holding  the  relation  to  the  lower  portion  of 
these  shales  which  the  I)emiss«'i  IkjcI  holds  to  the  upper 
portion.  Their  chief  interest  lies  in  the  jiresence  of 
Pleurodictyum  stylopora  (Eaton),  which  is  thus  seen  to  be 
entirely  restricted  to  the  lower  ])ortion  of  the  Hamilton 
shales  of  this  region.  The  lowest  of  the  three  beds  is  of 
further  interest,  as  it  contains  besides  the  Pleurodictyum^ 
two  other  fossils,  which  are  not  found  outside  of  it.*  These 
are  Nautilus  magister  Hall  and  Ambocoelia  umhonata  var. 

*It  should  be  noted,  however,  that  the  necond  of  theHe,  Amhitcoetla  umhonata 
Tar.  nttnti  Grat)au,  han  1)een  noticed  in  the  bed  juHt  below,  the  few  iipccimena 
found,  however,  differed  conaiderably  from  the  normal  characters  of  the  variety. 
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nana  Grabau  (var.).  The  Nautilus  is  of  especial  interest 
from  the  large  size  of  the  specimens  obtained,  which 
often  measure  six  or  eight  inches  in  greatest  diameter. 
The  specimens  occur  in  the  concretionary  masses  of  which 
this  bed  is  composed,  and  from  the  nature  of  the  rock  and 
the  brittleness  of  the  fossils,  great  care  is  needed  in  freeing 
them  from  the  matrix.  This  is  by  far  the  largest  and  finest 
fossil  found  in  the  region,  and  its  restriction  to  this,  the 
lowest  bed  of  the  Hamilton  shales  proper,  is  of  great 
interest.  This  bed  has  therefore  been  named  the  Nautilus 
bed.*  It  was  from  this  bed  that  the  original  specimens 
described  and  figured  in  Volume  V.  of  the  Palaeontology  of 
New  York,  were  obtained,  and  so  far  as  known,  this  species 
has  not  been  found  elsewhere. 

Ambocoelia  umbonata  var.  nana  is  a  small  representa- 
tive of  the  species,  the  brachial  valve  differing  in  its  greater 
convexity  and  its  general  resemblance  to  that  of  Spirifer 
subumbonus  Hall.  The  proportions  differ  from  the  normal 
for  the  species,  and  the  surface  is  marked  by  numerous 
elongated  pits,  as  in  A.  spinosa  Clarke.  This  variety 
occurs  in  great  numbers,  and  characterizes  the  rock  where- 
ever  found. 

Another  fossil  which  is  practically  restricted  to  this  bed, 
and  which  occurs  in  great  numbers,  associated  with  the 
preceding,  is  Camarotoechia  dotis  Hall.  These  shells  are 
usually  found  in  an  excellent  state  of  preservation,  and 
where  differential  weathering  has  left  them  in  relief,  details 
of  ructure  appear  clearly.  Sometimes  the  rock  is 
n  up  of  these   shells    and    the    little  Ambocoelia,   and 

in  i  h  instances  it  is  a  comparatively  pure  limestone, 
t  gh  ordinarily  it  partakes  more  of  the  nature  of  a 
i  ecus  claystone.      Other  fossils  are  extremely  rare,  and 

^      nly  in  the  shaly  portions  of  the  bed. 


he  Hamilton  Group,  etc. 
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The  positioxi  of  this  bed  is  about  seven  feet  below  the  base 
of  the  lowest  Trilobite  bed,  and  its  outcrop  in  the  ravine  is 
almost  opposite  Mr.  Avery's  barn. 

The  Transition  Beds.  With  the  Nautilus  bed  the  base  of 
the  Hamilton  shales  is  reached,  rndcrlvin;'  it  are  thirtv 
feet  of  shales  which  contain  a  mixed  Hamilton  and  Marcellus 
fauna,  and  they  are  therefore  regarded  as  transition  l)eds 
between  the  Marcellus  and  Hamilton.  The  shades  xirc 
capped  by  a  bed  of  somewhat  arenaceous  limestone,  six 
inches  in  thickness  and  very  fossiliferous.  This  bed  lies 
immediatelv  below  the  lower  Pleurodictvum  or  Nautilus 
bed,  its  position  being  about  fifty  feet  below  the  base  of  the 
Encrinal  limestone.  It  forms  the  top  of  the  fsdl  in  the 
ravine  just  below  the  bridge  on  which  the  L.nke-shore  turn- 
pike crosses.  Here  the  bed  is  full  of  Orthnccrns  {().  exile 
Hall)  and  of  gastrojxxls  (licllcrophon  Ivdn  Hall,  Loxn- 
nema  hamiltoniie  Hall  and  L.  dclpbicoln  Hall).  The  small 
productoid  brachiopod  with  the  truncated  hcfik — SintpUn- 
losia  truncata  Hall  —  is  the  most  abundant  fossil  in  this 
bed,  and  as  it  seldom  occurs  outside  it  in  this  region,  it 
becomes  a  convenient  form  from  which  to  name  the  bed. 
The  name  Strophalosia  bed  h«'is  been  adopted  for  it,*  this 
name  at  the  same  time  indicfiting  the  geological  position  of 
the  bed,  since  the  Strophnlosui  tritncnUi  I  Lull  is  a  character- 
istic Marcellus  fossil.!*  The  Strophalosia  bed  api)ears  in  the 
cliff  both  above  and  below  the  mouth  of  Averv's  Creek. 
Passing  southward,  we  find,  after  crossing  the  mouth  of  a 
second  small  ravine,  which  opens  near  Avery's  Creek,  that 
the  cliff  has  a  height  of  only  twenty  feet  or  thereabouts,  an<l 
is  entirely  made  up  of  the  transition  shales,  which  also  form 
the  walls  of  the  ravine  of  Avcrv's  Creek  below  the  falls. 
Several  layers  of  concretions  occur  in  these  shales,  but  fossils 

*Paana8  of  the  Hamilton  (^roiip.  etc. 

fTbis  U  the  bed  lettered  (a)  on  rintc  V.  of  the  Report  <}n  the  Fourth  (ieoloKicnl 
I^ntrict  by  Profe«Hor  Jnmcj*  Hall.  The  poHition  <if  Avcrv'M  Creek  im  there  indieated 
by  the  depreMion  marked  "  I.H  mile^  from  HIaek  Koek."'  The  bed  Ih  referred  t(»  tm 
pp.  190  and  191  of  that  report,  where  it  im  Npokeii  of  an  the  wentward  extenMion  nf 
the  "thick  maaii  of  naiidv  Nhale,  mo  abounding?  in  e<iiiehiferotiM  molluHka  in  the 
eattcrn  part  of  the  State/ .    .    .    .   which  in  the  central  part  in  Htill  In  great  force." 
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as  a  rule  are  rare.  Spirifer  mucronatus  (Cotir.)  occurs  in  the 
upper  portion,  and  with  it  a  number  of  other  Hamilton 
fossils,  all  of  which,  however,  have  been  found  in 
true  Marcellus  shales.  Lower  down,  the  characteristic 
Marcellus  and  Genesee  pelecypod  Lunulicardium  fragile 
Hall  appears,  and  with  it  its  constant  associate,  the 
minute  pteropod  Styliolina  fissureUa  (Hall).  The  eminently 
characteristic  Marcellus  fossil  Liorhynchus  Umitaris  (Conr.) 
is  sparingly  represented  in  the  lowest  beds.  Some  little 
distance  below  the  mouth  of  Avery's  Creek,  the  Strophalosia 
bed  appears  in  the  bank  again,  and  with  it  the  overl^^ing 
lower  Pleurodictyum  or  Nautilus  bed.  Both  beds  genth^ 
descend  towards  the  south,  until  near  the  end  of  the  section, 
they  pass  below  the  lake  level. 

This  portion  of  the  cliff  affords  a  good  opportunity 
for  collecting  the  fossils  from  these  beds,  especialh^  the 
Nautilus  magister  Hall.  Specimens  of  the  latter  were 
formerly  obtained  in  numbers  on  the  beach  at  the  foot  of  the 
cliff,  and  the  supply  is  probably  still  a  fairly  good  one. 

North  of  the  mouth  of  Avery's  Creek  the  cliff  rises  to  a 
height  of  something  over  thirty  feet,  a  portion  of  it  project- 
ing out  into  the  water,  so  that  one  can  not  pass  along  the 
beach  for  any  distance.  At  the  northern  end  of  the  section, 
however,  one  can  descend  in  a  dry  ravine*  to  the  beach,  and 
walk  southward  along  the  beach  to  the  projecting  point. 
The  Strophalosia  and  Nautilus  beds  are  seen  everywhere  in 
the  section  near  the  top  of  the  cliff,  forming  together  a  band 
about  a  foot  in  thickness.  The  beach  is  strewn  with  the 
fragments  of  these  beds  which  have  fallen  from  above,  and  a 
good  collection  of  the  specimens  may  be  obtained  with  little 
labor.  Pleurodictyum  is  especially  abundant,  the  spe- 
cimens usually  being  free  from  the  matrix.  The  cliffs 
are  very  picturesque,  and  present  good  examples  of  wave 
and  frost  erosion.     All  the  lower  portion  of  the  cliff  consist 


IMarls^a  ••  Pftyis"  on  Plate  V.  of  the  Geol.  Rcp't  Mh  District,  1848, 
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of  the  Transition  shales,  in  the  ui)i)er  part  of  which, 
Hamilton  species  predominate,  while  the  lower  portion 
contains  mainly  Marcellus  s])ecies. 

ATHOI.  SI»RIX(;S  CLIFF. 

I'LATH    XXYI. 

This  cliff  extends  from  the  dry  ravine,  which  runs  to  the 
lake-shore  from  Lake-side  Cemeterv  Station,  to  the  I^^'resh- 
Air-Mission  Hospital  at  Athol  Springs.  In  the  ravine  few 
exposures  are  found,  but  some  outcrops  of  the  Trilol)ite  and 
Pleurodictvum  l^eds  occur.  In  the  cliff,  for  some  distance 
above  the  ravine,  the  Strophalosia  bed  aj)pears  near  the  top 
of  the  section;  but  the  overlying  l>eds  are  too  much  obscured 
by  talus  and  vegetation,  to  Ik*  visil)lc.  The  whole  of  the 
Transition  shales  aj)i)ear  Ik»1ow  the  Str()j)hal()sia  l)ed. 

The  Upper  Marcellus  Shales.— The  Transition  shales  are 
limited  below  by  a  hard  layer,  containing  an  enormous 
number  of  pteropods,  chiefly  of  the  two  sj)ecies  Siyliolinn 
BssurcHa  (Hall)  and  Teninculiics ^HcHisirmius  Hall.  The 
two  species  appear  very  much  alike  on  the  rock,  owing  to 
the  fact  that  both  exhibit  the  longitudinal  *' fissure'*  due  to 
compression.  Tentaculitcs  however,  as  noted  before,  is 
readily  distinguished  on  close  inspection,  from  StylioUnn  by 
the  raised  annulations.  Where  the  surface  of  the  rock  has 
weathered,  the  pteropods  aj)i)ear  in  vast  numbers,  and  in 
great  perfection.  This  layer  apjx;ars  for  the  first  time  on  the 
beach  about  the  center  of  the  section.  It  rises  northward, 
until  near  the  Hospital  it  forms  the  top  of  the  cliff',  which 
here  has  a  height  of  from  fifteen  to  twenty  feet.  At  this 
point  the  cliff  projects  into  the  water,  and  in  climbing  over 
it,  an  opportunity  is  afforded  for  the  examination  of  the 
pteropod-bearing  bed.  This  lx;d  marks  the  top  of  the 
Marcellus  shales  in  this  cliff'.  The  shales  l)elow  it  contain 
only  characteristic  Marcellus  fossils.  The  predominating 
species  are:  TentuciiUics  jrrHcilistriiUus  Hall,  StylioUnn 
BssurcHa  (Hall),  Luiwlicarclium  fragile  Hall,  and  Liorbyn- 
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chus  limitaris  (Conrad).  Several  other  species  occur»  but  on 
the  whole  fossils  are  rare,  and  a  dav's  search  mav  furnish 
only  a  very  meagre  collection.  A  small  specimen  oi  Nautilus 
marcellensis  (Vanux.)  was  found  in  the  Pteropod  bed.  This 
fossil  has  heretofore  been  known  only  from  the  Goniatite 
limestone,  between  the  lower  and  upper  Marcellus  of  Central 
New  York. 

About  six  feet  below  the  top  of  the  Marcellus,  occurs  a 
hard  layer,  about  two  inches  thick,  containing  Ambocoelia 
umbonata  (Conrad)  in  considerable  numbers.  This  bed 
appears  about  ten  feet  above  the  water  in  the  cliff  behind 
the  Hospital.  In  the  vshale  below  it,  carbonized  plant 
remains  occur  occasionally.  The  cliff  is  succeeded  by  a  long 
stretch  of  low,  sandy  shore,  with  no  rock  outcrops. 

BAY  VIEW   CLIFF. 
Platk  XXVII. 

This  cliff  extends  southward  for  about  two  thousand  feet 
from  the  Bay  View  House  (formerly  Comstock's  tavern). 
The  cliff,  where  highest,  does  not  exceed  fifteen  feet  in  height, 
while  the  greater  portion  is  much  lower.  The  outline  of  the 
cliff  is  a  zigzag  one,  this  being  due  to  the  two  sets  of  joint 
cracks,  which  traverse  the  rock,  and  intersect  at  nearly  right 
angles.  The  Marcellus  shales  alone  are  exposed  in  this  cliff, 
and  fossils  are  few,  consisting  chiefly  of  the  pteropods 
Styliolina  fissurella  (Hall)  and  Tentaculites  gracilistriatus 
Hall.  Lunulicardium  fragile  Hall  and  Chonctcs  Icpida  Hall, 
are  occasionallv  found.  Chonetes  mucronata  Hall,  and  a 
few  other  Marcellus  species  also  occur. 

At  the  southern  end  of  the  section,  the  hard  layer  with 
Ambocoelia  umbonata  (Conrad)  appears  about  ten  feet 
above  the  water.  It  is  here  two  inches  thick.  Six  inches 
above,  is  a  similar  layer  one  inch  thick,  the  two  appearing 
as  prominent  bands  wherever  the  section  is  fresh. 

A  little  to  the  north  of  the  Bav  View  House,  the  shale 
disappears,  and  the  beach  from  this  point  to  the  Niagara 
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River,  a  distance  of  about  eight  miles,  is  low  and  sandy. 
The  country  for  some  distance  back  from  the  lake,  is  low; 
level  farm  or  swamp  land.  The  shale  appears  in  the  bed  of 
Smoke's  Creek,  near  West  Seneca,  containing  Liorhynchus 
limitaris  (Conr. ).  The  exj)osure  is  about  a  mile  and  a  half 
from  the  shore,  and  its  consideration  does  not  properly 
belong  here. 

General  Summary  of  the  Lake  Shore  Sections.— Taking  a 
general  view  of  the  lake  shore  cliffs,  we  notice  that  they 
furnish  a  continuous  section  from  the  Marccllus  to  the  upper 
Naples  shales.  Of  the  former,  less  than  twenty  feet  are 
exposed,  these  representing  the  upi)er  olive  shales  of  the 
formation.  The  greatest  thickness  of  the  Marcellus  in 
Western  New  York,  according  to  Professor  Hall,  is  not  over 
fifty  feet.*  The  thickness  of  the  rock  in  Erie  County  is 
probabl}'  somewhat  less. 

• 

Resting  on  the  Marccllus  shales,  are  the  thirty  feet  of 
Transition  rock,termin<'itcd  by  the  Strophalosia  bed.  These 
are  by  some  included  in  the  Hamilton  stage,  but  their  rela- 
tion is  probably  more  with  the  Marccllus,  and  they  are  here 
placed  with  the  latter.  The  whole  thickness  of  the  Lower 
or  Hamilton  shales — about  fifty  feet — is  exposed,  beginning 
with  the  Nautilus  bed. 

The  noteworth}^  beds  included  in  the  Hamilton  shales  are 
as  follows:  First,  at  the  base,  the  three  Pleurodictyum 
beds,  (the  lowest  of  which  is  the  Nautilus  bed  ).  Second,  the 
three  Trilobite  beds,  beginning  between  nine  and  ten  feet 
from  the  base.  Third,  the  lithologically  similar  bed,  six  feet 
a.bove  these,  or  eighteen  feet  from  the  base,  (noteworthy 
tnainly  on  account  of  its  persistence).  Fourth,  the  Modio- 
tnorpha  subalata  bed,  twenty-five  feet  from  the  base.  Fifth, 
the  Athyris  spirifcroides  layer  forty-one  feet  from  the  base. 
Sixth  and  seventh,  the  Demissa  and  Stictopora  beds, 
between  four  inches  and  a  foot  from  the  top. 

•Rep't  4th  Geol.  DiHt.  1H4..3,  p.  179. 
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The  Encrinal  limestone,  eighteen  inches  to  two  feet  thick, 
is  well  exposed.  The  whole  of  the  Upper  or  Moscow  shales 
(seventeen  feet)  are  exposed.  The  divisions  into  lower 
Moscow  (shales  bearing  the  Spirifer  consobrinus  fauna), 
middle  Moscow  (barren  shales),  and  upper  Moscow  (shales 
bearing  the  Spirifer  tullius  fauna),  are  retained  throughout. 

The  whole  of  the  Genesee  shales — twenty-three  feet  and 
seven  inches  thick  (Hall),  are  exposed,  beginning  at  the  base 
with  the  Styliolina  layer.  The  subdivision  into  lower  gray 
and  upper  black  shales  is  not  as  marked,  as  in  the  gorge  of 
Eighteen  Mile  Creek.  The  whole  thickness  of  the  gray 
Naples  or  Cashaqua  shales  is  exposed,  this,  according  to 
Hall  being  thirty-three  feet.  Probably  less  than  one 
hundred  feet  of  the  upper  Naples  or  Gardeau  shales  are 
exposed  in  these  sections,  the  lower  half  of  which  consist  of 
black  and  fissile  shales,  while  the  upper,  remaining  exposed 
portion,  consists  of  alternations  of  olive  and  gray  or  black 
shales,  with  septaria  in  the  lighter  colored  beds. 

This  may  be  tabulated  as  follows : 


UPPER 

Chemung 
Stage. 

Not  exposed. 

DEVONIAN 

(Chemung 
Group). 

Genesee 
Stage. 

--     ,       ,    ,     (Gardeau 100     ft.  (estimated). 

Naples  shales ^^     ,                  __      .,   )__  „. 
(Cashaqua....  33      **   (Hall). 

Genesee  shales  and 

Styliolina  limestone 23.5  "   (Hall). 

Hamilton 
Stage. 

Moscow  shales 17      ft. 

Encrinal  limestone 1.5  " 

MIDDLE 

Hamilton  shales 50      " 

DEVONIAN 

(Hamilton 
Group). 

Marcellus 
Stage. 

Transition  shales 30      ft. 

Upper  Marcellus  shales 20      **   (exposed.) 

Lower  Marcellus, 

(not  exposed). 

Total,   .   .   .  275      feet. 

CHAPTER  III. 

SEQUENCE  OF  GEOLOGICAL  EVENTS. 

Let  US  picture  to  ourselves  the  succession  of  the  geological 
events  which  occurred  in  this  region  since  Lower  Devonian 
times. 

The  Lower  Devonian  in  this  part  of  the  country  was  a 
limestone  making  age,  when  the  ])ure,  and  presumably  warm 
waters  of  the  great  interior  Palaeozoic  sea,  which  stretched 
from  the  Adirondacks  to  the  Rocky  Mountains,  was  in- 
habited by  corals,  crinoids,  and  other  pure  water  animals. 
Miles  upon  miles  of  coral  reefs  stretched  across  what  is  now 
the  State  of  New  York,  and  westward  to  the  Mississippi 
River,  and  beyond.  All  that  portion  of  the  **  vast  American 
Mediterranean  Sea,'*  as  Dana  has  called  it,  was  inhabited  by 
myriads  of  coral-building  ])olyps,  which  constructed  a  reef, 
comparable  to  the  Great  Barrier  Reef  of  Australia.  This 
ancient  reef  was  a  barrier  reef  for  the  Devonian  continent  of 
North  America,  which  lay  to  the  north,  and  which  consisted 
of  the  old  Archaean  lands,  with  the  additions  made  during 
Cambrian,  Ordovician  and  Silurian  times. 

This  ancient  coral  reef  now  constitutes  the  Comiferous 
limestone,  which  can  be  traced  from  Buffalo  eastward 
nearly  to  the  Hudson  River,  and  westward  into  Missouri 
and  Iowa,  with  a  northern  spur  running  up  into  the  penin- 
sula of  Michigan.  Northern  Illinois  and  Wisconsin,  at  that 
time,  seem  to  have  l^een  above  water.  ( Dana).  Similar  coral 
reefs  were  forming  in  the  seas  which  covered  portions  of 
New  England  and  Canada. 

Dull-colored  and  unattractive  as  these  ancient  coral  reefs 
may  seem  to-day  to  the  ordinary  observer,  they  nevertheless 
had  beauty  once,  l^eauty  com])arable,  if  not  superior,  to  that 
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seen  in  existing  coral  reefs.*  The  visitor  to  the  Bahamas, 
who  looks  through  his  water-glass  at  these  marine  flower- 
gardens,  can  form  some  conception  of  the  beauty  which  once 
existed  in  the  coral  reefs  of  the  Devonian  Sea.  He  sees 
to-day  the  large  coral  masses,  consisting  of  huge  brain 
corals,  multicolored  Astraeans  and  branching  Madrepores, 
whose  surfaces  are  covered  with  myriads  of  tiny  polyps ; 
and,  waving  over  all,  the  graceful  Gorgonias,  the  sea-whips 
and  sea-fans,  as  they  are  so  aptly  called.  Then  let  him  be 
transported  back,  in  imagination,  some  millions  of  years,  to 
the  coral  reefs  which  then  grew  where  now  are  some  of  the 
most  important  states  of  the  Union.  The  Maeandrinas  and 
Astraeans  were  then  represented  by  large  heads  of  Fa  vositesy 
which  grew  sometimes  in  such  abundance  that  their  remains 
constitute  a  large  portion  of  the  reef.  The  Madrepores  and 
other  branching  corals  were  not  represented,  but  in  their 
stead  grew  multitudes  of  cup-corals,  chiefly  single,  horn-like 
or  funnel-like  structures,  not  infrequently  a  foot  in  length, 
and  supporting  at  their  growing  ends,  polyps,  which  rivalled 
in  size  the  modern  sea-anemones  of  our  coast.  And  beauty 
of  color  there  probably  was,  as  well  as  beauty  of  form, 
though  only  the  latter  is  suggested  in  the  remains.  Waving 
over  the  bottom  in  place  of  the  modem  Gorgonia  fronds, 
were  those  graceful  and  remarkable  creatures,  the  crinoids, 
whose  modern  representatives,  dredged  principally  in  tropical 
seas,  are  objects  of  exquisite  beauty.  Swaying  on  their 
stems,  with  their  much-divided  arras  outspread,  flower-like, 
they  must  have  presented  a  striking  spectacle.  In  modern 
tropical  waters,  the  multicolored  fishes  swimming  in  and  out 
among  the  gorgeous  coral  masses,  quickly  attract  the 
attention  of  the  observer.  There  were  fishes  in  the  Devonian 
seas,  but  they  were  strange,  uncouth  creatures,  predaceous 

•Some  conception  of  the  luxuricnce  of  life  and  wealth  of  form  in  coral  reefs  can  be 
obtained  from  an  inspection  of  Mr.  W,  Saville  Kent's  photoji^raphii  of  livinjir  corals. 
reproduced  in  his  book  on  the  **C'.reat  Barrier  Reef  of  Australia."  The  coloring  is 
absent  Irom  these  plates,  but  as  far  as  the  character  of  the  corals  and  their  associa- 
tion in  the  reefs  are  concerned,  the  plates  arc  superb,  and  next  to  seeing  the  reef 
itself,  the  student  can  do  no  better  than  to  study  these  photofi^raphs  carcfnlly.  The 
coloring  is  reproduced  in  the  chromo-litho^raphs  appended  to  the  volnme.  The 
student  will  also  be  surprised  to  find  how  universally  the  corals  arc  exposed  at  low 
tide,  a  condition  which  one  would  ordinarily  reg^ardaa  fatal  to  the  aniinals. 


71 

sharks  and  plate-covered  ganoids,  which  j^robably  had  no 
great  beauty  of  color.  Their  strange  forms,  however,  and 
their  frequently  formidable  size,  made  uj)  for  their  lack  of 
coloration,  and  they  probably  were  among  the  most  striking 
tenants  of  those  waters.  Shells  were  bv  no  means  un- 
common,  and  though  many  of  the  modern  brachiopods  are 
dull-colored,  it  is  highly  j)robablc  that  some,  at  least,  of  the 
many  Comiferous  species,  showed  tints  ap])roximating 
those  of  tropical  gastro])ods  and  lamcllibranches  of  the 
present  day. 

Thus,  shut  off  from  the  destructive  forces  of  the  outer 
ocean  by  the  Devonian  land,  which  then  existed  to  the  east 
and  south-east,  this  great  interior  sea  w.'is  ])c()])led  with  a 
multitude  of  organic  forms,  and  the  luxuriance  of  the  life  can 
only  be  imagined  from  the  residts  which  have  1)een  left 
behind.  It  is  an  interesting  fact  that  this  great  I)ev(mian 
coral  reef  seems  to  have  been  absent  from  Pcnnsvlvania  and 
the  Southern  States,  and  it  is  ])ossible  that  this  is  due  to  the 
fact,  that  the  water  at  that  time  was  deeper  over  this  area. 
For  it  is  now  generally  recognized  that  corals  flourish  best 
in  comparatively  shallow  waiter,  and  limestones  are  no 
longer  regarded  as  necessarily  of  dee])  wjitcr  origin.  It  is 
highly  probable  that  the  great  Corniferous  coral  reef  was 
built  in  shallow  water,  far  enough  away  from  land  to  be  out 
of  reach  of  the  sediment  carried  down  bv  streams.  The  reef 
probably  grew  southward,  where  the  breakers,  rolling  in 
from  the  open  ocean  on  the  south-west,  sup])licd  pure  water 
and  ample  nourishment  for  the  poly])s  and  other  organisms. 

How  long  these  ccmditions  ccmtinucd,  is  diflicult  to  say. 
That  the  time  occupied  for  the  growth  and  accumulation  of 
the  Comiferous  coral  reef  was  ecpi.'d  in  length  to  that 
occupied  in  the  accumulation  of  the  much  thicker  shales 
succeeding  it,  will  appear,  when  it  is  remembered  that  five  to 
ten  feet  of  fragmental  rcwks  will  accumuL'ite  during  the  time 
required  for  the  formation  of  one  foot  of  limestone*    We 

'Dana,  Man.  Geol. 
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may  place  the  time  anywhere  from  a  few  hundred  thousand 
to  a  million  years  or  more.  Eventually,  however,  the  period 
came  to  an  end,  and  the  crinoids,  corals,  and  other  evidences 
of  pure  water  disappeared.  The  limestone  areas  were 
invaded  by  mud-bearing  currents,  which  apparently  caused 
the  local  extinction  of  the  reef-building  corals.  Thus  we  find, 
at  the  opening  of  the  Hamilton  period,  that  in  place  of  the 
former  wealth  and  beauty  of  the  coral  reef,  organic  life 
presents  a  more  sombre  tone. 

The  cause  of  this  change  in  sedimentation  was  the  shoaling 
of  the  water,  so  that  extensive  areas,  formerly  covered  by 
the  sea,  became  dry  land,  while  other  areas  were  converted 
into  great  mud-flats,  laid  bare  at  low  tide.  With  the 
shoaling  of  the  water,  the  influx  of  abundant  fresh  water 
from  the  land  was  probably  combined,  so  that  these  shal- 
lower portions  of  the  sea  became  fresh  or  brackish,  rather 
than  salt.  We  have  here  an  approximation  to  the  conditions 
which  later  gave  rise  to  the  extensive  coal-swamps,  and  the 
black  shales  may  be  regarded  as  partial  attempts  at  coal- 
making.  As  Professor  William  B.  Rogers  once  said:  **Nature 
tried  her  hand  at  coal-making  during  these  epochs.'' 

If  we  wish  to  gain  a  conception  of  these  regions  as  the}'' 
appeared  after  the  beginning  of  the  Middle  Devonian  period, 
we  need  only  look  at  the  extensive  mud  flats,  which  are  laid 
bare  at  low  tide  on  our  shores,  and  notice  the  black  carbon- 
aceous mud,  in  which  mussels  and  periwinkles  lie  buried  by 
the  thousands,  waiting  for  the  returning  tide  to  restore 
them  to  activity.  Some  such  conditions  prevailed  at  the 
opening  of  the  Mesodevonian  period  over  all  this  region. 
Coarse  sediment  was  absent,  suggesting  feeble  currents  in 
the  shallow  waters.  Only  fine  silt  and  mud  was  spread  out 
by  the  tidal  currents,  and  the  vegetation  on  these  mud  flats 
was  slowly  buried,  and  underwent  a  partial  decay.  Occa- 
sionally somewhat  more  gritty  sediments  were  carried  in, 
and  at  such  times  the  pelecypods  (Lunulicardiuin  fragihy 
Actinopteria  muricata,  etc.)  seem  to   have  flourished   in 
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great  numbers.  The  black  carbonaceous  muds  hardened  to 
form  the  black,  bituminous,  Marcellus  shales,  which  imme- 
diately overlie  the  Comiferous  limestone.*  These  shales,  in 
many  places,  are  fall  of  fossils,  chiefly  brachioi)ods  and 
pelecypods,  indicating  that  these  ancient  mud-flats  had  their 
tenants  similar  to  the  mud-flats  on  the  modern  sea-coast. 
Streaks  of  coaly  matter  show  how  abundant  was  the  vege- 
tation, which,  by  its  incomplete  decay,  gave  rise  to  the 
bituminous  matter  in  these  shales. 

During  the  Marcellus  (Minuta)  e])och,  there  were  several 
minor  oscillations,  which,  however,  as  their  record  is  not 
revealed  in  any  of  the  sections  discussed  in  the  ])rcceding 
chapters,  will  be  passed  over.  It  may  simply  be  remarked 
that  after  the  accumulation  of  a  ninn1)er  of  feet  of  the  black 
shale,  more  calcareous  shales  were  formed,  indicating  the 
deepening  of  the  w^ater.  Deeper  water  conditions  were 
finally  established  towards  the  close  of  the  Marcellus 
(Minuta)  epoch,  as  recorded  in  the  first  sections  on  the  lake 
shore.  The  pure  water  of  the  Cornifcrous  (Acuminatus) 
epoch,  however,  was  not  re-established  until  very  much 
later,  and  then  onlv  over  limited  areas. 

"  OR 

In  our  own  regicm,  as  the  waters  became  deeper  and 
purer,  new  forms  of  life  appeared,  probably  through  immi- 
gration from  other  regions  where  they  originated.  In  the 
gradual  appearance  of  these  species  in  the  Transition  shales, 
we  have  recorded  the  long  struggle  to  which  the  new-comers 
were  subjected  before  they  finally  became  established.  By 
the  time  that  the  thirtv  feet  of  Transition  shales  had  accu- 
mulated  above  the  Marcellus  beds,  the  water  had  become 
pure  enough  for  the  sudden  development  or  immigraticm  of 
the  fauna  of  the  Stro])hal()sia  bed.  Silt  and  gritty  material 
were  still  carried  in,  and  constitute  a  large  ])roportion  of  the 
material  in  the  bed,  but  there  was  no  longer  any  paucity  of 
living  forms.  Stroj)linl(>sw,  BcUcrophou,  Loxonema  and 
Ortboceras  flourished  in  great    numbers,  and  their   shells 

be  well  Hct-n  in  the  IiciIh  (if  CuytiK"  ""<!  othvr  crcckt*. 
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constituted  a  large  proportion  of  the  accumulation  formed. 
These  conditions,  however,  did  not  continue  very  long,  for 
this  fauna  was  soon  driven  out  and  replaced  by  the  first  of 
the  true  Hamilton  faunas,  which  began  with  the  develop- 
ment of  corals,  brachiopods,  and  large  Nautili.  It  thus 
appears  that  the  change  from  the  Marcellus  to  the  Hamilton 
conditions  was  a  slow  and  gradual  one,  consisting  in  the 
deepening  and  purification  of  the  water.  Hamilton  species 
gradually  appeared,  and  although  the  change  from  the 
Strophalosia  bed  to  the  Nautilus  bed  is  an  abrupt  one,  the 
way  for  this  change  was  being  prepared  during  the  long 
preceding  ages.  Not  so,  however,  at  the  beginning  of  the 
Mesodevonian  period,  for  the  change  from  the  Comiferous 
coral  reef  to  the  Marcellus  mud-flats  was  sudden,  resulting 
in  the  extinction  of  numerous  forms  of  life,  many  of  which 
disappeared  forever.  What  became  of  the  fauna  of  the 
Strophalosia  bed  at  the  opening  of  the  Hamilton  (Spiri- 
feroides)  epoch,  is  not  known.  The  survivors  probably 
migrated  eastward,  where  the  conditions  continued  more 
favorable. 

At  the  commencement  of  the  Middle  Devonian  period,  the 
character  of  the  sea-bottom,  and  the  relative  depth  of  the 
ocean,  became  more  varied.  In  the  west,  owing  probably  to 
the  absence  of  coincident  subsidence  and  deposition,  the 
conditions  continued  to  remain  uniform  into  the  Upper 
Devonian.  In  the  extreme  east,  however,  subsidence  went 
on  at  a  uniform  and  continuous  rate.  This  accounts  for  the 
fact  that  the  beds  are  much  thicker  in  the  eastern  portion  of 
the  State  of  New  York  than  they  are  on  Lake  Erie  or  west- 
ward. For  thick  beds  of  fragmental  material  can  not 
accumulate  unless  there  is  coincident  subsidence,  the  sea  floor 
sinking  at  a  uniform  rate,  and  thus  making  room  for  the 
material  constantly  brought  in  by  the  streams.  While, 
however,  the  subsidence  was  greater  in  its  totality  and 
more  continuous  in  the  east,  than  in  the  west,  it  was  more 
sudden  in  the  Erie  County  region,  so  that,  at  the  opening  of 
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the  Hamilton  i^eriod,  the  water  over  the  present  lirie  County 
was  deeper  and  purer  than  it  was  in  the  re<j^ion  of  the 
present  Genesee  valley,  where  the  Marcellus  conditions  con- 
tinued into,  and  through  the  Lower  Hamilton  time.  Farther 
east,  /.  e.  nearer  to  the  source  of  su])])ly  of  the  fragmental 
material,  the  water  was  still  shallower  and  sands  accumu- 
lated, the  increase  in  the  coarseness  of  which,  was  ])ro])or- 
tionate  to  their  nearness  to  the  old  shore-line.  It  is  an 
interesting  fact,  that  in  these  near-shore  formations  wc 
have  a  littoral  fauna,  consisting  mainly  of  gastro])()ds  <'ind 
pelecypods,  brachiopods,  which  are  the  predominating  forms 
in  the  deeper  western  waters,  being  almost  entirely  absent. 

When  we  com])are  the  fauna  of  the  Hamilton  vshalcs  in  the 
region  about  Eighteen  Mile  Creek  with  that  of  the  corre- 
sponding shales  in  the  (icnesce  Valley,  we  will  be  im])rcssed 
by  the  numerical  ])rcp(mdcrancc,  in  s])ccics  and  individuals, 
of  the  life  in  the  more  western  area.  This  indicates  more 
favorable  conditions  in  the  Eighteen  Mile  Creek  region,  and 
consequently  a  greater  luxuriance  of  life.  The  subsidence  of 
fifty  feet  which  occurred  in  this  region  during  the  dcpositicm 
of  the  Hamilt(m  shales  was  not  uniform  throughout,  as  is 
indicated  bv  the  alternations  of  coarser  and  finer  material, 
and  to  some  extent  also  by  the  variation  of  the  faunas,  and 
the  fluctuation  in  the  number  of  fossils  in  the  various  beds. 
That  these  local  to])()gra])hic  faunas  were  influenced  by  local 
topographic  changes,  will  be  conceded,  even  though  the 
precise  changes  can  not  be  determined,  just  .'is  the  changes 
on  modern  shores  can  not  always  be  determined,  though 
their  cflects  in  the  disa])])carance  or  rcap])earancc  of  faunas 
may  l>e  quite  marked.  It  is  certain  that  many  species,  which 
flourished  at  the  beginning  of  the  H.'imilton  epoch,  soon 
disappeared,  and  did  not  again  occupy  this  region.  An 
example  is  the  great  Snutilus  nui/^nstcr,  which  flourished  at 
the  opening  of  the  Hamilton  epoch,  but  the  remains  of  which 
are  only  found  in  the  lowest  true  Hamiltcm  bed,  showing 
that  the  six!cies  disai)]>eared  at  the  end  of  the  time  occui)ied 
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in  the  formation  of  that  bed.  The  sj^ecies  associated  with 
Sautilus  magister,  practicalh'  shared  its  fate,  none  of  the 
characteristic  forms  of  the  Nautilus  bed  appearing  in  any 
higher  horizon,  with  the  exception  of  Pleurodictyum  stylo- 
pora,  and  perhaps  a  few  straggHng  individuals  of  Camaro- 
toechia  dotis.  Pleurodictyum  stylopora  is  another  example 
of  a  species  which  became  extinct  in  this  region  shortly  after 
the  opening  of  the  Hamilton  conditions,  in  the  early  times  of 
which  it  flourished  in  great  numbers.*  Many  of  the  species 
which  lived  at  the  beginning  of  the  Hamilton  epoch  in  this 
region,  (many  of  which  had  undoubtedly  immigrated  from 
other  localities)  disappeared  after  the  cessation  of  conditions 
favorable  to  their  existence.  While  the  mature  individuals 
died,  their  more  adaptable  offspring  migrated  by  successive 
stages,  and  finally  became  established  in  other  localities. 
Towards  the  close  of  the  Hamilton  epoch,  however,  when 
the  conditions  favorable  to  the  existence  of  the  species  again 
appeared,  the  species  slowly  returned.  We  find,  therefore, 
the  upper  beds  of  the  Hamilton  shales,  /.  e.  the  Demissa  and 
Stictopora  beds,  filled  with  species  which  are  common  in  the 
Pleurodict^'um  beds  and  the  shales  just  above. 

It  is  not  to  be  presumed,  that  during  the  time-interval 
which  elapsed  between  the  deposition  of  the  lower  and  upper 
Hamilton  beds,  the  migrated  faunas  made  no  attempt  to 
return.  The  fact  that  such  attempts  were  actually  made 
seems  to  be  indicated  by  the  few  straggling  representatives 
of  these  faunas,  such  as  Tropidoleptus  carinatus  and  others, 
which  occur  at  intervals  in  the  beds  overlying  those  in 
which  they  make  their  first  appearance.  But  while  a  few- 
individuals  may  have  existed,  the  species  never  multiplied, 
until  the  time  when  the  associated  species  which  existed  side 
by  side  with  it  during  the  earlier  ages,  returned.  The  causes 
for  this  may  have  been  manifold,  such  as  lack  of  proper  food, 

•It  mnst  be  noted,  however,  that  this  species  occurs  in  higher  horizons  farther 
east,  and  this  may  indicate  an  eastward  mi/jration  after  the  conditions  had  become 
unfavorable  in  the  west.  On  the  other  hand  the  eastern  representatives  of  this 
species  in  the  Moscow  shale  may  have  come  from  the  same  favorable  locality  from 
which  the  western  forms  had  niigrrated  at  the  openini?  of  the  Hamilton  epoch,  the 
species  becomin);;  entirely  extinct  in  this  region  at  the  end  of  that  time. 
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insufficiency  of  calcareous  material  in  the  water,  increased  or 
diminished  depth  or  tenijKTt'iture,  unfavorable  currents,  or 
other  injurious  physical  conditions.  The  existence  of  other 
creatures,  which  preyed  upon  the  si)ecies,  may  also  have 
been  the  cause,  of  the  paucity  of  individuals.  In  this  latter 
case  the  reappearance  of  the  species  in  ^reat  numl)ers  in  the 
later  beds,  may  have  been  due  to  reinforcement  of  the 
survivors  from  without,  by  the  immigration  of  numenms 
individuals,  so  that  bv  sheer  force  of  number  thev  survived 
the  wholesale  destruction,  which  formerly  kept  them  down. 

The  sequence  of  changes  during  the  continuance  of  the 
early  Hamilton  epoch  was  something  as  follows:  The 
epoch  opened  with  the  formation  of  the  Xautihis  bed,  the 
water  being  comparatively  pure  and  free  from  coarse 
sediment.  On  the  floor  of  the  shallow  ocean,  grew  millions 
of  tiny  brachiopods,  which  in  j)laccs  were  closely  packed, 
growing  over  and  on  each  other  and  making  clusters,  in 
appearance  recalling  those  of  our  modern  mussel  beds.  Over 
these  beds  crawled  the  great  Nautili,  with  their  coiled  and 
probably  highly-colored  shells.  Brachiopods  probably 
formed  the  food  of  these  creatures,  though  many  soft-bodied 
and  shelUess  animals  undoubtediv  existed,  of  which  no  trace 
has  been  preserved.  Here  and  there  may  have  apj)eared  a 
Nautilus  floating  on  the  surface  or  swimming  vigorously  to 
escape  some  hungry  shark,  which  had  wandered  into  the 
region.  Scattered  over  the  sea  floor  among  the  l)rachioj)ods 
were  the  tiny  coral  heads  of  the  Plcurcxliciyiun,  the  polyps 
probably  with  brilliant  colors.  Trilobites  crawled  about, 
but  they  were  not  very  common.  (lastropods  likewise 
occurred,  as  well  as  a  few  pteropods,  but  pelecypods  seem  to 
have  been  absent  altogether.  With  the  beginning  of  the 
second  Pleurodictyum  Ixid  the  conditions  changed.  The 
Nautilus  Ixicame  extinct,  the  waters  probably  shoaled  some- 
what, and  brachiopods  continued  to  increase  in  numl>er  and 
variety,  the  earlier  si)ecies,  however,  halving  disappeared. 
Bryozoa  began  to  grow,  and  often  formed  large  fronds. 
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wbile  gastropods  and  pclecypods  Ijccanie  commun.  The 
Pkurodiclyum  still  continued  to  exist  in  j^reat  numbers  for 
some  time,  but  finally  it  too  disapijeared.  After  that,  the 
sea  was  peopled  chiefly  by  brachiopods  and  bryozoa.  while 
trilobites  continued  to  increase  in  nunil3er.  Before  long,  a 
rich  brachiopod  fauna  had  developed,  and  the  deposition  of 
the  sediment  went  on  at  a  somewhat  accelerated  pace. 
Another  change  occuri-ed,  and  the  rich  brachiopod  fauna 
disapj>eared.  With  this  was  brought  to  a  close  the  deposi- 
tion of  the  fossiliferous  shales  underlying  the  Trilobite  beds. 
Then  came  a  time  of  more  shallow  water,  when  gritty 
sediments  were  deposited  along  with  the  lime  and  mud. 
Here  trilobites  found  conditions  more  favorable  to  their 
existence,  and  for  a  long  time  they  continued  to  people  the 
waters  in  great  nunilwrs.  Occasionally  they  were  kept 
down  for  a  time,  by  unfavorable  changes,  and  in  their  stead, 
other  forms,  such  as  Atliyris  and  Strcpteiasma  flourished. 
Eventual]^',  however,  they  regained  their  vitality  and  again 
increased  rapidly. 

Then  there  came  a  time  when  the  muddy  waters  allowed 
but  little  development  of  life,  so  that  the  shales  succeeding 
the  Trilobite  l^eds  are  comparatively  barren,  When,  how- 
ever, the  conditions  recurred  which  favored  the  great 
development  of  the  trilobites,  these  latter  did  not  return. 
Probably  by  this  time  the  great  Placoderms  had  found  their 
way  into  these  waters  in  considerable  numbers,  and  to  them 
may  be  due  the  destruction  of  the  trilobites.  It  is  known 
from  the  specimen  ( before  referred  to  |  discovered  by  Mr. 
Myer.  that  these  fishes  were  present  at  that  time,  and  as 
they  were  ground  feedent,  the  supposition  lies  near  that  they 
preywl  upon  tte-- «« wKng  trilobites  and  other  bottom 
lortns,  aad  thus  kept  tbe  water  corapiiratively  free  from 
invertebrate  tife- 

"'"        ■' ■■■  ■    I   '"<'•  was  scarce  in  the 

-  .'ilone  occurring  in 

.  lilt.-  arrival  of  number- 
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less  mussels  (Modiomorpha),  which  at  once  began  to  settle 
down  and  appro])riate  the  ground  for  themselves.  These 
new-comers  may  have  appeared  from  without,  or  thev  may 
indicate  the  sudden  increase  in  numbers  of  the  few  forms 
which  existed  during  the  preceding  ages.  In  any  case,  their 
development  was  rapid  and  complete,  and  so  was  their 
extermination.  Thus  was  formed  the  mussel-bed  which  now 
appears  in  the  sections  twenty-five  feet  below  the  Encrinal 
limestone.  After  the  mussels  had  virtually  disappeared, 
except  for  a  few  stragglers,  which  remained  on  the  scene  of 
their  former  occup^incy,  brachiopods  once  more  apjK'ared  in 
numbers,  and  continued  thus  for  a  very  long  period  of  time. 
At  one  time  numberless  individuals  of  Athyn's  spirifcroklcs 
appeared  on  the  scene,  and  their  appearance  seems  to  have 
driven  out  most  of  the  other  forms  of  life,  as  recorded  in  the 
Athyris  spiriferoides  bed.  Later,  however,  these  returned 
again,  but  before  they  finally  re-established  themselves,  some 
unexplained  changes  took  place,  which  temporarily'  estab- 
lished conditions  similar  to  those  which  prevailed  during  the 
later  Marccllus  epoch.  The  two  pteropods,  Styliolina 
Assurella  and  Tcntaculiics  ^acilistnaiiiSy  l>ecame  the  sole 
occupants  of  the  water,  and  as  they  probably  were  pelagic 
animals,  their  occurrence  in  these  shales  may  be  cxj)laincd  by 
the  assumption  of  the  existence  of  currents,  which  carried 
them  in  from  the  oj)en  sea. 

At  last,  when  the  Hamilton  age  was  near  its  end,  the  rich 
fauna  of  the  Demissa  bed  a|)peared.  This  sudden  develop- 
ment of  forms,  many  of  them  apj)earing  for  the  first  time, 
can  only  be  cx])lained  by  supposing  immigration  to  have 
taken  place.  An  interesting  feature  of  this  bed  is  the 
occurrence  of  two  brachiopods,  Stroj)hco(Joiiin  plicata  and 
Spirifer  aspen  both  of  which  belong  normally  to  the  Hamil- 
ton fauna  of  Iowa.  This  fact  would  indicate,  that  at  some 
time  during  the  later  Hamilton  age,  fairly  uniform  conditions 
extended  westward  from  this  region  to  Iowa,  and  perha]3s 
beyond. 
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Before  the  close  of  the  age,  the  water  had  become  pure 
enough  for  the  growth  of  crinoids,  the  remains  of  which, 
together  with  the  fronds  of  the  branching  bryozoan  Sticto 
pora  incisuratay  and  the  shells  of  the  small  brachiopod 
Nucleospira  concinna,  make  up  the  greater  portion  of  the 
**Stictopora"  bed.  The  age  closed  with  the  deposition  of  a 
few  inches  of  mud,  in  which  few  remains  were  buried. 

The  conditions,  however,  were  now  favorable  for  the 
re-establishment  of  a  coral  reef,  which  began  by  the  growth 
of  large  heads  of  Favosites  hamiltoniae.  Cup  corals  soon 
made  their  appearance  again,  though  they  were  of  different 
species  from  those  found  in  the  Corniferous  reef.  This  was 
to  be  expected,  for  the  many  vicissitudes  which  the  old 
Corniferous  corals  passed  through,  would  undoubtedly 
effect  specific  if  not  generic  modification.  Crinoids,  too, 
reappeared,  though  the  genera  and  species  were  widely 
different  from  those  which  grew  on  the  Lower  Devonian 
coral  reef.  The  Encrinal  limestone  is  this  much  modified 
coral  reef,  which  by  its  slight  thickness  indicates  a  compara- 
tively short  period  of  duration. 

This  reef  was  also  of  less  areal  extent  than  its  predecessor 
in  earlv  Devonian  times.  The  Encrinal  limestone  is  not 
recognized  in  the  eastern  portion  of  the  State  of  New  York, 
and  it  has  not  been  traced  westward.  In  Illinois,  Iowa, 
Michigan,  Ohio,  Indiana  and  other  central  states,  however, 
the  Hamilton  is  chiefly  represented  by  limestones,  often 
of  considerable  thickness,  and  in  these,  corals  of  various 
kinds  abound,  thus  showing  that  the  Encrinal  limestone 
represents  only  a  temporary  eastward  extension  of  the  coral 
reefs  which  were  forming  in  the  clearer  waters  of  the  Central 
Interior  Sea. 

With  the  close  of  the  short  P^ncrinal  limestone  age,  the 
corals  did  not  become  suddenly  overwhelmed  as  was  the 
case  with  the  Corniferous  reef.  In  fact,  we  find  that  after  an 
interval,  a  number  of  corals  appeared  which  did  not  grow 


81 

on  the  coral  reef  proper  in  this  immediate  region.*  They  did 
not  flourish  long  however,  but  were  soon  overwhelmed  and 
disappeared.  Some  of  them,  such  as  Cystiphyllum  and  the 
adaptable  Streptelasma  continued  at  intervals  for  some 
considerable  length  of  time.  Aside  from  these,  however,  the 
Hamilton  fossils  are  not  common  in  the  Moscow  shales  of 
this  region.  True,  there  are  some  adaptable  species,  such  as 
Pbacops  rana,  which  are  to  be  met  with  everywhere,  but 
the  great  majority  of  species  had  left  this  region,  migrating, 
during  the  imiform  conditions  of  the  Encrinal  limestone  age, 
probably  to  the  eastward.  At  any  rate,  most  of  them 
re-appeared  in  the  Upper  or  Moscow  shales  in  the  Genesee 
valley.  In  this  latter  region  the  shales  are  also  much 
thicker,  aggregating  nearly  three  hundred  feet,  while  in  our 
own  vicinity  seventeen  feet  constitute  the  whole  thickness  of 
these  shales. t  The  cause  of  the  slight  development  of  these 
shales  in  the  region  under  consideration,  was  the  compara- 
tively stationary  character  of  the  sea  bottom,  in  other 
words,  the  absence  of  subsidence.  The  water  more-over, 
was  shallow  over  Erie  County,  the  evidence  for  which  is 
found  in  the  character  of  the  fossils  and  in  the  shale  itself,  in 
the  plant  remains  which  occur  in  it,  and  in  a  fragment  of  a 
water-worn  shell  and  a  similarly  w^orn  j^ebble  which  were 
found,  t 

Throughout  the  Moscow  time,  the  water  probably  con- 
tinued shallow,  and  life  was  scarce.  The  mud  flats  were 
probably  never  exposed  at  low  tide,  but  their  component 
material  was  worked  over  and  over  bv  the  tidal  currents,  so 
that  no  perfect  lamination  was  developed.  On  a  sandy  sea 
floor,  such  conditions  would  have  formed  oscillation  ripples, 
but  the  fine  mud  did  not  admit  of  such  impressions,  or  if 
they  were  formed,  their  preservation  in  the  shale  was  an 
improbability. 

•At  Mor»c  Creek,  near  Athol  Sprinjirs.  Heliophyllum,  which  anions  others  is  here 
referred  to,  occurs  in  the  Kncrinnl  limestone. 

tFor  a  comparison  of  the  Hamilton  faunas  of  KiRhteen  Mile  Creek  with  thone  of 
the  Genesee  Valley,  sec  '*  Faunas  of  the  Hamilton  Group,  etc." 

tThe  shell   was   a  Spirifer  j^ranulosus,   which   does  not  normally  occur  in  the 
Moscow  shales  of  this  rej?ion,  but  is  conimon  in  the  Encrinal  limestone. 
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Life  finally  disappeared  almost  completely  from  this 
region,  and  for  a  long  period  the  waters  were  practically 
uninhabited.  The  Upper  Devonian  conditions  were  ushered 
in  slowly,  some  of  the  Genesee  species  appearing  early  during 
the  Moscow  age.  This  indicates  that  the  change  from  the 
upper  Middle  to  the  lower  Upper  Devonian  was  a  gradual 
one,  and  that  abrupt  changes  did  not  occur,  either  in 
physical  conditions  or  in  life. 

Meanwhile,  during  the  whole  progress  of  the  Hamilton 
period  in  the  east,  there  were  regions  in  the  west  and  south- 
west, where  neither  the  limestone  nor  the  shale-forming 
conditions  of  this  period  existed.  In  these  regions,  bitumi- 
nous shales  were  deposited  from  the  close  of  the  Lower 
Devonian,  far  into  the  Upper  Devonian.  The  changes  in 
physical  geography  which  allowed  the  development  of  the 
Hamilton  beds  in  New  York  State  after  the  deposition  of 
the  Marcellus  beds,  did  not  occur  in  the  south-west,  and 
with  the  continuance  of  the  same  physical  conditions,  the 
material  deposited  as  well  as  the  life  continued  very  uniform 
throughout.  The  *' black  shale*'  of  Ohio  and  other  states 
represents  these  deposits,  which  continued  uniformly,  during 
all  the  time  that  the  Hamilton  beds  were  being  laid  down 
over  New  York.  This  enables  us  to  understand  why  the 
species  of  fossils  which  flourished  in  the  Marcellus  epoch, 
should  return  during  the  Genesee  epoch,  while  during  the 
intervening  Hamilton  epoch  they  were  absent. 

If  the  centre  of  distribution  of  these  animals,  which  found 
their  natural  habitat  under  conditions  necessary  for  the 
formation  of  the  fine  black  shales,  was  in  the  southwest, 
and  there  continued  undisturbed  during  the  whole  of  the 
Middle  and  later  Devonian  periods,  new  emigrants  could 
travel  eastward  when  the  favorable  conditions  were,  in  part 
at  least,  restored.  In  Central  New  York  a  limestone  making 
age,  that  of  the  Tully  limestone,  preceded  the  Genesee  age, 
and  while  it  continued,  deposition  was  almost  at  a  stand- 
still in  the  west.      The  Tully  limestone  at  some  places  in 
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Central  New  York  has  a  thickness  of  nearly  twenty  feet,  but 
its  average  thickness  is  only  about  half  that.  Towards  the 
west  it  becomes  thinner,  until  at  Canandaigua  Lake  it  is 
represented  by  a  calcareous  band  three  or  four  inches  thick.* 
This  limestone  contains  an  association  of  fossils,  which 
cause  it  to  be  referred  to  the  Genesee  stage,  of  which  it  forms 
the  basal  member.  It  is  succeeded  by  the  black  Genesee 
shales,  containing  a  number  of  fossils  which  had  been 
characteristic  of  the  black  Marcellus  shales.  Twenty  feet 
of  these  shales  occur  in  the  Genesee  Valley,  while  at  Eighteen 
Mile  Creek  there  is  scarcely  a  trace  of  them.  At  Section  1, 
the  thin  bed  of  spore-bearing  shale  is  the  only  representative 
of  this  series,  and  even  this  does  not  occur  everv  where.  It  is 
very  possible,  however,  that  during  the  time  that  the  Tully 
limestone  and  the  black  shale  above  it,  were  forming  in 
central  New  York,  the  transition  beds  of  the  upper  Moscow 
shale  were  deposited  in  the  Eighteen  Mile  Creek  region,  and 
that  the  Schizobolus  fauna  of  these  shales  (if  not  the  whole 
Spirifer  tullius  fauna)  was,  in  a  limited  sense,  contempora- 
neous with  the  Tullv  and  lower  (lenesee  faunae  of  Central 
New  York. 

After  the  close  of  the  Moscow  age,  when  the  transition 
beds  had  been  deposited  in  this  region,  and  the  few  inches  of 
spore-bearing  shale  were  laid  down  upon  them,  a  subsidence, 
somewhat  widely  spread  through  Western  New  York, 
occurred,  which  brought  with  it  the  purification  of  the 
waters,  which  had  hitherto  been  laden  with  fine  carbona- 
ceous silt.  In  the  region  about  P>ighteen  Mile  Creek,  the 
beginning  of  this  purification  of  the  water  is  marked  by  the 
appearance,  in  a  circumscribed  favored  spot,  of  a  colony  of 
crinoids,  which  seem  to  have  flourished  there  for  a  consider- 
able period,  so  that  their  remains  accumulated  to  a  depth  of 
from  two  to  three  inches,  as  indicated  hy  the  thickness  of  the 
**Conodont  *'  limestone.  That  the  water  was  not  very  deep 
at  this  time,  is  shown  by  the  highlj-  comminuted  condition 

•Hall,  Rcp't  4th  Gcol.  Dist.,  p.  214.. 
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of  the  remains,  which  indicate  a  considerable  amount  of 
wave  action,  as  well  as  bj'  the  grains  of  sand  which  occur 
in  the  rock. 

While  the  crinoids  flourished  in  this  spot,  and  while  similar 
conditions  probably  existed  elsewhere,  there  came,  perhaps 
from  Ohio  and  the  south-west,  representatives  of  the  great 
Placoderms  which  had  ruled  for  many  generations  in  those 
waters.  These  fishes  seem  to  have  found  the  area  where  the 
crinoids  flourished,  an  exceptionally  good  feeding  ground  if 
we  are  to  judge  from  the  frequency  of  their  remains  in  the 
rock.  Living  among  the  crinoids  was  a  vast  number  of 
marine  worms,  the  record  of  whose  existence  is  now  found 
in  the  **Conodonts,''  so  plentiful  in  the  rock.  These  bodies, 
as  already  noted,  probably  represent  the  oesophageal  teeth 
of  animals  similar  to  our  modem  Annelida  and  Gephyrea. 

As  the  subsidence  continued,  and  the  water  became  purer 
over  larger  areas,  there  began  the  deposition  of  the  countless 
millions  of  shells  of  the  minute  pteropod  Styliolina  Bssurella^ 
which  as  noted  above,  in  many  places  completely  make  up 
the  Styliolina  limestone.  The  conditions  which  favored  the 
deposition  of  this  limestone,  were  quite  uniform  over  the 
greater  portion  of  what  is  now  Western  New  York.  The 
character  of  the  rock  indicates  that  it  was  deposited  at  a 
distance  from  shore,  where  comparatively  little  sediment 
was  carried,  so  that,  as  on  the  death  of  the  pelagic  animals, 
the  shells  slowly  sank  down  from  the  surface,  they  accumu- 
lated bv  the  millions  on  the  ocean  floor  and  formed  a  lime- 
stone  bed  of  great  purity.  The  accumulation  of  this 
inconceivably  vast  number  of  minute  shells  must  have  been 
a  process  of  extreme  slowness,  even  if  we  suppose  that  large 
numbers  of  the  animals  were  carried  to  this  region  by 
favorable  currents.  It  must  be  noted,  however,  that  in 
many  localities  this  bed  contains  a  considerable  amount  of 
foreign  matter,  showing  that  some  deposition  of  detrital 
material  was  going  on. 
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Whik  this  long  age  contintied,  it  not  infrequently  hap- 
pened that  trunks  of  trees,  which  grew  on  the  land  to  the 
northward,  were  carried  out  into  the  comparatively  quiet 
water,  where,  becoming  water-logged,  they  finally  sank,  and 
after  a  long  time,  were  buried  in  the  growing  deposit  of 
shells.  Eventually,  however,  this  long  limestone  making 
age  came  to  a  close,  by  the  gradual  shoaling  of  the  water, 
and  the  return  of  the  mud-bearing  currents.  While  at  first 
there  were  some  oscillations  in  the  region,  mud  deposits 
alternating  with  deposits  of  shells,  the  conditions  finally 
became  uniform,  and  for  a  long  period  of  time  the  Genesee 
mud-flats  with  their  paucity  of  animal  life,  and  their  richness 
of  vegetable  life,  constituted  the  characteristic  feature  of  this 
portion  of  the  Devonian  sea.  Of  course  subsidence  of  the 
sea  floor  went  on  throughout  this  period,  but  it  was  a  very 
slow  subsidence,  so  that  the  filling  in  by  the  fine  mud,  went 
on  at  the  same  rate,  the  relative  depth  of  the  water  remain- 
ing the  same. 

Not  until  the  close  of  the  Genesee  age  did  the  subsidence 
become  more  rapid,  and  when  this  occurred,  the  deposits 
became  once  more  of  a  calcareous  nature,  giving  rise  to  the 
thirty  feet  of  calcareous  and  concretion-bearing  Cashaqua 
or  lower  Naples  shales. 

While  these  shales  were  being  deposited,  the  water  was 
inhabited,  amongst  other  animals,  by  Goniatites,  the  shells 
of  which  are  found  in  some  of  the  concretionary  layers. 
These  animals  may  have  come  to  this  American  Interior 
Devonian  sea  by  immigration  fi-om  the  seas  which  then 
covered  Europe,  or  the^^  niay  have  arisen  independently. 
This  latter  is  hardly  conceivable,  for  parallelism  of  develop- 
ment between  America  and  Europe  would  probably  not 
have  resulted  in  identity  of  species.  As  already  noted,  the 
few  members  of  the  fauna  in  which  Goniatites  intumescens 
and  other  Goniatites  are  the  predominating  species  in  this 
region,  mark  only  a  westward  extension  of  the  fauna  which 
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found  its  more  perfect  development  in  the  region  now  occu- 
pied by  the  Genesee  River. 

Eventually  shallow,  brackish,  or  nearly  fresh  water  condi- 
tions returned,  and  the  black  shales,  which  succeed  the 
gray,  were  deposited.  These  deposits  became  more  and 
more  sandy  as  time  progressed,  and  eventually  culminated 
in  more  or  less  argillaceous  sandstones.  The  faunas  of  the 
Genesee  shales  returned  in  a  more  or  less  modified  condition, 
fishes  being  especially  prominent.  As  the  shoaling  of  the 
water  continued,  sands  were  deposited  exclusively,  and  so 
the  thick  beds  of  Chemung  sandstones  were  formed,  suc- 
ceeded later  by  beds  of  subcarboniferous  conglomerate. 
Then  the  mud  making  conditions,  which  had  at  intervals 
occurred,  and  during  the  existence  of  which  the  carbonaceous 
shales  were  deposited,  returned  with  greater  perfection  and 
greater  permanenc)^  Continuing  long,  they  permitted  a 
luxurient  growth  of  vegetation,  which,  becoming  buried  in 
delrital  deposits,  has  given  us  the  Pennsylvania  coal-beds. 
Similar  conditions  existed  in  other  regions,  where  beds  of 
coal  also  accumulated.  The  Pennsylvania  coal-beds  may  be 
regarded  as  the  record  of  the  consummation  of  that  coal- 
making  tendency,  which  was  so  continuously  exhibited 
during  the  middle  and  later  Devonian,  in  this  region,  but 
which,  at  no  time  preceding  the  coal-measure  (meso-carbonic) 
period,  produced  results  which  were  in  any  way  comparable 
to  those  produced  during  these  later  ages. 

The  sandstone  beds  of  the  Chemung  period  were  probably 
the  last  beds  to  be  spread  over  the  Erie  County  region, 
which  shortly  after  the  commencement  of  the  Carbonic  era 
became  drv  land.  The  shore-line  was  transferred  to  some- 
where  in  the  vicinitv  of  the  boundarv  line  between  New  York 
and  Pennsylvania,  nearly  all  the  area  comprised  within  the 
latter  state  being  under  water.  It  was  in  this  great  bay-like 
indentation,  and  in  another  one  which  stretched  north  into 
Michigan,  that  the  chief  coal-beds  were  deposited.* 

♦Dana  in  the  4-th  Hdition  of  his  Manual  of  Geology,  givca  on  p.  633  an  instmctive 
map  of  the  outlines  of  the  land  at  the  be^nnin/ki:  of  the  Carbonic  era. 
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Post-Devonian  Events.— We  have  now  traced  the  history 
of  this  region  from  the  time  of  the  Lower  Devonian  to  near 
the  close  of  the  Upi^er  Devonian  time,  when  it  was  raised 
into  dry  land.  The  changes  which  were  going  on  outside  of 
this  area  after  its  elevation,  are  out  of  place  in  this  dis- 
cussion. The  interval  which  elapsed  between  the  close  of  the 
Devonion  era  and  the  beginning  of  the  Quaternary  era,  can 
be  passed  over  briefly.  It  was  a  long  interval,  during  which 
the  atmosphere,  the  rivers,  and  the  sea  exerted  their  com- 
bined influences  to  destroy  the  new-formed  land  again. 
Much  of  the  material  deposited  in  the  Carbonic  sea  was 
derived  from  the  erosion  of  the  land,  which  had  l^een  formed 
in  the  age  just  preceding. 

It  was  during  this  interval  of  time  that  the  slight  crust- 
movements  occurred, which  gave  rise,  on  the  one  hand,  to  the 
faults  and  folds,  and  on  the  other  to  the  joint-cracks  which 
traverse  these  rocks.  The  l^eds  which  at  first  were  horizontal, 
or  nearly  so,  were  tilted  until  they  stoodat  the  present  angle. 
The  lithification  of  the  beds,  probal)ly  commenced  while  they 
were  still  submerged,  continued,  and  ultimately,  the  shales 
and  sandstones  as  we  see  them  to-day,  were  produced. 

At  the  end  of  this  long  period  of  erosion,  we  find  some 
interesting  topographical  features,  which  are  no  longer  in 
existence.  A  broad  and  deep  river  valley  had  been  carved 
out  of  the  strata  where  Lake  Erie  is  now.  A  stream — the 
Idlewood  River — coming  from  the  south-east,  entered  this 
valley  through  a  gorge,  half  a  mile  north  of  the  mouth  of  the 
present  Eighteen  Mile  Creek.  Then  came  the  great** Ice 
Age,**  and  all  the  country  was  buried  beneath  the  accumu- 
lating mantle  of  snow  and  ice.  When,  through  its  increased 
thickness,  and  through  melting  at  its  southern  end,  this 
great  ice  sheet  began  to  move,  it  scratched  and  polished  the 
bed  rocks,  by  means  of  the  pebbles  and  sand  frozen  into  its 
under  side.* 

•The  Kluciul  hi8t<iry  of  thi«  rcKiini  in  too  intricntc,  ntiil  IiivoIvch  the  (letuilrd  con- 
sideration of  regions  outHiile  of  thoMc  trcatctJ  of  in  thcMc  chanterH;  therefore  itn 
complete  disctisKton  will  not  lie  taken  tip  in  thiH  paiH*r.  See  <;ill)ert'«  Iliiitory  of 
NiaKaru  Falltt.  National  C}efi>;raphic  .MonoKraphH,  Vol.  I.,  No.  7,  and  numerous 
papers  in  various  JoumalH  referred  to  in  the  upiK'ndix. 
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Eventually  the  long  reign  of  the  ice  came  to  an  end,  and 
the  glaciers  slowly  melted  awa3\  leaving  behind  the  debris, 
which  had  been  brought  from  the  regions  to  the  north. 
Thus,  when  the  land  was  again  uncovered,  a  mantle  of  drift 
was  spread  over  it,  filling  the  ravines  and  smaller  valleys 
which  had  been  cut  by  the  pre-glacial  streams.  The  great 
valley  now  occupied  by  Lake  Erie  was  filled  up  to  a  con- 
siderable extent,  and  its  continuation  through  the  Dnndas 
valley  into  the  vallev  of  Lake  Ontario  was  cut  oflF  bv  the 
drift.  The  old  channel  of  the  preglacial  Idle  wood  River  was 
also  filled  in  by  drift.  All  this,  however,  did  not  appear  at 
first,  for  as  long  as  the  ice  filled  the  Ontario  valley,  the 
drainage  of  the  water,  resulting  from  the  melting  ice,  was 
impossible  in  the  present  direction,  and  it  accumulated, 
forming  a  long  lake  at  the  front  of  the  ice  sheet.  This  lake, 
which  Spencer  has  named  Lake  Warren,  increased  in  size 
until  its  waters  finally  began  to  overflow  across  the  lowest 
point  on  the  southern  watershed,  which  happened  to  be 
near  where  Chicago  now  stands.  Thus  the  drainage  of  this 
great  lake  was  into  the  Mississippi,  for  a  long  time.  The 
beaches  built  bv  this  old  lake  can  be  seen  a  short  distance 
behind  the  present  beach  of  Lake  Erie,  running  southward 
through  Hamburgh,  and  crossing  the  present  gorge  of 
Eighteen  Mile  Creek  beyond  the  forks.*  When,  through 
continued  melting  of  the  ice,  the  Mohawk,  and  later  the  St. 
Lawrence  valleys  were  opened,  the  drainage  went  by  these 
channels,  and  the  water  in  Lake  Erie  was  lowered  to  near 
its  present  level.  Then  the  waves  began  their  work  of 
cutting  into  the  land  leaving  the  cliffs,  now  exposed  on 
the  shore,  which  in  some  places  are  formed  of  the  bed 
rock,  and  in  others  of  the  drift-heaps  left  by  the  ice  in  the 
valleys. 

•Levcretl,  Am.  Journ.  Science,  July,  1895,  ^ives  a  map  of  the  beaches. 
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Much  of  the  sand  now  found  in  the  beaches  along  the 
sliore  of  Lake  Erie  was  derived  from  the  drift  deposits  left 
t>3r  the  ice.  Only  a  comparatively  small  i)orti()n  of  this 
t>«ach  material  has  sL  local  origin,  having  l)een  worn  by  the 
>?\raves  from  the  shale  cliffs.  The  material  thus  derived,  is 
**^adily  recognized  by  the  flat  thin  character  of  the  pebbles 
^>niposing  it,  a  feature  which  early  Cc'iused  it  to  be  known 
y  the  name  of  ** flat  gravel.**     (See  IMate  XIX. ). 

The  cliffs  of  imconsolidated  material  are  of  course  much 

"^Tiore  readilv  eroded  bv  thf  waves,  than  the  shale  cliffs.    The 

^:mctive  destruction  of  the  drift  clift's  can  Ik?  seen  at  a  great 

^«Tiany  points    along   the    lake    shore,   and   it   is  frccjuently 

emphasized  by  the  trees,  which,  losing  their  foot-hold  as  the 

^liff  is  being  undermined,  slide  down  the  banks. 

The  sands  derived  from  the  cliffs  are  carried  awav  bv  the 
long-shore  currents,  and  deposited  where  the  force  of  these 
currents  diminishes.  Thus,  bars  are  thrown  across  the 
mouths  of  all  the  streams  and  inlets,  and  sand-spits  run 
out  from  the  headlands,  menacing  the  safety  of  the  coast 
navigator. 

The  beaches  between  the  headlands  varv  in  the  character 
of  their  material,  as  well  as  in  the  angle  of  the  sloj)c  facing 
the  water.  Where  the  water  dee])ens  rapidly  off-shore,  so 
that  the  large  breakers  roll  in  and  reach  the  shore,  the 
material  of  the  beach  is  usually  coarse  gravel,  and  the  front 
slope  a  steep  one,  the  beach  often  assuming  a  terrace  form. 
Where,  however,  the  water  is  shallow  for  a  considerable 
distance  from  shore,  or  where  a  submerged  sand-bar  causes 
the  breaking  of  the  great  waves  long  before  they  rciich  the 
shore,  the  beach  is  usuallv  of  a  sandv  character,  and  the 
slope  a  gentle  one.  In  the  first  case  (that  of  the  deej)  water) 
the  fine  material  is  carried  out  by  the  undertow,  so  that 
onlv  coarse  material  remains.  This  will  naturallv  retain 
the  steep  sloi)e  given  it  by  the  great  waves.  In  the  second 
case  (that  of  the  shallow  water)  the  sands  dropped  by  the 
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long-shore  currents  are  washed  on  to  the  shore  by  the 
** swash"  following  the  breaking  of  the  off-shore  waves. 
Hence  the  slope  of  the  sand -beach  will  be  comparatively 
gentle  and  uniform. 

Where  the  drift  contains  boulders,  these  are  usually  left  by 
the  waves  on  the  beach,  a  feature  well  illustrated  in  many  of 
of  the  sections,  particularly  that  of  the  old  gorge  of  the 
Idlewood  River.  In  such  instances  it  frequently  happens 
that  shore  ice  will  transport  some  of  these  blocks,  which 
may  eventually  come  to  rest  at  the  foot  of  a  cliff,  where 
there  are  other  blocks,  derived  from  the  cliff  itself.  Thus, 
Corniferous  limestone  boulders  from  the  drift,  have  been 
mingled  with  the  blocks  of  Encrinal  limestone  from  the 
cliffs  at  various  portions  along  the  shore,  and  there  is 
danger  of  mistaking  the  former  for  the  latter,  unless  this 
fact  is  borne  in  mind.  Blocks  and  slabs  of  shalv  limestone 
may  also  be  frequently  found  projecting  from,  or  lying  on 
drift  covered  banks,  and  the  fossils  contained  in  these,  differ 
from  those  found  in  the  adjoining  cliffs.  Such  rock  masses 
are  commonly  derived  from  the  Corniferous  limestone  in  the 
northern  part  of  Erie  County. 

At  Stonv  Point,  about  three  miles  north  of  the  Bav  View 
cliff,  Corniferous  limestone  boulders  are  exceedingly  abund- 
ant on  the  beach.  With  them  occur  boulders  of  Niagara 
limestone,  brought  by  the  ice  from  Niagara  Count}',  as  well 
as  boulders  of  Waterlime  from  North  Buffalo.  These 
boulders  constitute  a  portion  of  an  old  glacial  moraine, 
which  can  be  traced  inland  to  West  Seneca,  where  it  is  cut 
bv  the  railroads,  and  exhibits  the  limestone  blocks  in  the 
unconsolidated  banks.  The  name  **Limestone  Ridge"  which 
has  been  applied  to  this  moraine,  is  derived  from  the 
presence  of  these  limestone  boulders. 

Sand  dunes  are  found  at  a  great  many  places  along  the 
shore  of  Lake  K)ne.  They  are  commonly  low,  but  occa- 
sionally, as  in  the  Crystal  Beach  dunes  on  the  Canadian 
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shore,  they  rise  to  considerable  heights.  These  sand  dunes 
are  met  with  behind  those  beaches  which  are  not  bounded 
by  shale  or  drift  cliffs.  It  is  here  that  the  winds  meet  with 
little  obstruction,  and  they  can  sweep  the  dry  sands  inland, 
until  friction  and  the  rise  of  the  land  prevent  further 
advance.  Low,  swampy  ground  is  commonly  found  behind 
such  dunes,  and  the  beach  in  front  of  them  is  usuallv  a  firm 
gently  sloping  sand  beach. 

The  present  shore  features  of  Lake  Erie  arc  of  post-glacial 
origin,  and  came  into  existence  since  the  establishment  of 
the  present  St.  Lawrence  drainage  system.  The  gorge  of 
Eighteen  Mile  Creek,  as  wc  know  it,  was  cut  since  that  lime 
by  the  stream  carrying  the  drainage  from  the  high  lands  in 
the  southern  part  of  Pvrie  County. 

Thus  the  stream  which  we  have  been  studying  in  such 
detail,  was  one  of  the  last  features  to  aj)j)ear  in  the  j)resent 
landscai^e.  It  is  still  actively  eroding  its  banks,  and 
re\'ealing  fresh  sections  from  which  to  study  the  j)ast  history 
of  this  region. 
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NOTE. 

The  following  new  species  are  described  herein  : 

Hadrophyllum  woodi :  p.  129. 
Monotrypa  ampUctens  :  p.  137. 
Hahrocrinus  pentadactylus  :  p.  143. 
Platyostoma  lituata^  var.  ;  emargincUa  :  p.  274. 

The  following  illustrations  are  original : 

Figures  1,  5,  8,  10,  lOC,  11,  15,  16,  17,  18,  22-25,  27-30,  32,  66,  78,  81,  84, 
85,  89,  90,  104,  l^^y  HU  151.  168,  200 A,  218,  228a,  201.  Those  printed  in 
italics  were  drawn  by  Miss  Elvira  Wood,  Instructor  in  Palaeontology  in  the  Massa- 
chusetts Institute  of  Technology.  The  remainder  were  drawn  by  the  author, 
except  Fig.  228a,  which  was  drawn  by  Mr.  John  A.  Hutchinson.  The  other  pen- 
and-ink  drawings  are  copies  by  Miss  Wood  (Figs.  lOA-lOC,  15,'  16,  77A,  124, 
126,  128,  182A,  198,  207,  210  212,  215,  217,  219,  225C,  229.  230,  232,  233,  236- 
260,  262,  263)  ;  by  Mr.  Hutchinson  (Figs.  52,  64,  65,  66A,  68-72,  74,  194-197, 
199,  200,  201-206,  208,  209,  214,  214A,  216,  220,  225B,  226-228,  231,  234,  235); 
by  the  author,  and  by  others.  The  source  is  in  each  case  credited  as  follows : 
** after  Hall,"  "  after  Clarke,"  etc.  The  illustrations  marked  *'from  Hall,"  etc., 
were  reproduced  directly  from  the  lithographs. 
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carried  on  among  the  cephalopods  by  Hyatt  and  othern  in 
this  country,  and  by  Wiirtenberger,  Branco,  Karpinsky  and 
others  in  Euroi)e.  Jackson  has  studied  the  j^elecypods  and 
the  Palaeozoic  Echini,  and  Beecher  the  brachiopods  and 
trilobites.  The  principle  on  which  this  work  is  baseil  is 
embodied  in  the  law  first  clearlv  enunciated  bv  Louis 
Agassiz  and  Carl  Vogt:  that  the  stages  in  the  cycle  of  indi- 
vidual life  can  be  correlated  with  the  characteristics  of  the 
adult  in  allied  types  which  appear  earlier  in  the  geologic 
record.  According  to  the  modern  interi)retation  of  such 
phenomena,  this  cori^espondence  indicates  a  genetic  relation, 
the  later  forms  having  descended  from  the  earlier,  and  each 
recapitulating  in  its  own  life-history,  more  or  less  jierfectly, 
the  life-history  of  the  group  to  which  it  belongs. 

Investigations  in  this  direction  requii-e  the  study  of  young 
and  intermediate  as  well  as  adult  individuals.  Immature 
forms  may  frequently  be  found  associated  with  the  mature 
individuals  in  the  strata,  and  they  can  he  obtained  by 
processes  described  in  the  next  chapter.  For  the  details 
of  the  methods  of  investigation  in  Biologic  Pahpontology 
the  student  is  referred  to  the  works  of  Hyatt,  Jackson, 
Beecher,  Clarke,  Schuchert,  J.  P.  Smith,  and  others. 


INTRODUCTION. 


Pala»()nt()l()»»y*  dcaJs  with  the  past  ()r<»:anir  hfe  of  th(» 
(»artli.  It  is  coneeriKHl  witli  tlie  Htriictural  charartiM-s,  th(» 
systematic  position,  thv  mode  of  life,  and  th(»  ^^o^raphie  as 
well  as  <»(»olo^ic  distribution  of  fornuT  animals  and  plants. 
Paheontolo*;*v  also  deals  with  (piestions  (•onrerninj»:  th(» 
development  of  or<j:anic  forms,  and  tlu»  eauses  which  have 
(let<M*mined  such  development. 

The  data,  upon  which  th(»  conclusions  of  ])alaM)ntolo<::ists 
are  has(Ml  are  derived  from  tlu»  studv  of  fossils  and  from  a 
(^omjjarison  of  these  fossils  with  livin<r  animals  and  plants. 
The  term  Fossil  is  commonly  appli(Hl  to  the  renuiins  of 
animals  and  plants  which  were  buried  before  the  beginning 
of  th(»  i)resent  ^eolo^ic  epoch. t  This  definition  is  an  arbi- 
trarv  o\n\  and  is  not  based  on  anv  distinction  in  character 
lM»tw<KMi  the  remains  which  were  buried  before,  and  those 
which  WQW  buried  during,  tho  |)resent  geologic  epoch.  Thus 
the  marine  shells  in  the  post-glacial  ehnated  clays  of  north- 
ern New  Kngland  and  Canachi  differ  in  nowise  from  those* 
of  the  same  species  buried  in  the  modern  dei)osits  off  the 
pi'csc^nt  coast.  In  the  fornuM*  case,  the  strata  havc^  \mn\ 
elevat<*d  s(»v(Tal  hundred  feet  ;  while  in  the  latter  cas(%  they 
still  retain  their  original  position,  or,  at  l(»ast,  have  experi- 
enced no  ai)precial)le  disturbance.  In  like  nnnnuT,  many  of 
the  Miocene  and  Pliocene  shells  are  not  onlv  of  the*  same 
sj)ecies  as  those  recently  buriedOn  neighboring  shores,  but 
the  changes  which  they  have  undergone,  since  burial,  ai'e 
frecjuently  not  gr<'at(»r  than  thosc^  exj)eri(Miccd  by  slu^lls 
buried  in  modern  accumulations.  Th<'  difference  in  th(»  alter- 
ation is  m(M*ely  on<'  of  degrw,  and  with  pi*oj)er  discrimina- 
tion, specimens  can   be  sel(»cted  which  show  all   grades  of 

*Gr.  palaiosy  ancient ;  onta^  lH>in^s  ;  logos,  diwourM'. 
tZIttel--Text-»KX)k  of  Pain 'ontology. 
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'harijr^f,  from  the  unaltered  state  of  shells  in  modern  mud- 
Sats  to  thf-  crvstalline  condition  of  an  ancient  limestone 
ifjf^il.  in  which  the  original  structure  has  been  completely- 
lost.  It  is.  then,  obvious  that  palaeontologists  should  follow 
gerjlc^sts.  and  extend  the  term  fossil  to  include  jUI  remains 
of  animals  and  plants  preserved  from  the  time  of  the  earliest 
fossiliferous  strata  to  the  pi*esent.  As  Geikie  says:  ''The 
idea  of  antiquity  or  i-elative  date  is  not  necessarily  involved 
in  this  conception  of  the  t/erni.  Thus,  the  bones  of  a  sheep 
buried  un<ler  gi'avel  and  silt  by  a  modern  Wood  and  the 
obscure  crvstalline  traces  of  a  coral  in  ancient  nmsses  of 

« 

limestone  are  efjually  fossils."  * 

Geolo^c  time  is  continuous,  and  the  development  of  life  is 
pro^essive.  No  bi*eak  divides  the  present  from  the  past, 
and  the  geologic  phenomena  of  the  present  epoch  are  con- 
trolled by  the  same  laws  which  governed  those  of  past  time. 
Fossilization  is  a  mere  accident  bv  which  some  animals 
and  plants  are  preserved,  and  it  resolves  itself  into  a  process 
of  inhumation,  neither  the  nature  of  the  organism  nor  the 
time  or  mode  of  burial  being  of  ])rimary  significance.  These 
are  of  first  importance  in  determining  the  degree  of  preserva- 
tion which  the  fossil  is  to  experience,  and,  conse<piently,  the 
nature  of  the  record  which  is  to  remain;  but  thev  do  not 
affect  the  process  of  fossilization,  which  is  merely  the  burial 
of  the  (lead  organism.  Thus,  the  idea  of  change  is  not  neces- 
sarily involved  in  the  concept  of  a  fossil,  although  it  is  true* 
that  few  organisms  long  remain  buried  without  undergoing 
some  chemical  ('hange.  Examples  of  the  preservation  of 
organisms  in  an  almost  unchanged  condition  are  neverthe- 
less known,  the  most  consj)icuous  being  the  nmmmoths 
frozen  into  the  mud  and  ice  of  Siberia,  and  retaining  hair, 
skin,  and  flesh  intact:  and  the  insects  and  other  animals 
inchided  in  th<*  amber  of  the  Baltic,  where*  tliey  have  remained 
unchanged  since  early  Tertiary  time*.  Ordinarily,  however, 
the  flesh  of  the  buried  animal  soon  decays,  and,  consecjuently, 
no  i(,'conl  of  the  soft  i)arts  is  retained.     In  plants,  the  decay 

*  Text-book  of  (Jeolot^y,  3d  Ed.,  p.  045. 
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is  less  rapid,  and  the  buried  vegetable  remains  may  be  indefi- 
nitely preserved  in  the  form  of  carbonaeeous  films. 

The  hard  parts  of  animals  are  best  i)resei'ved  as  fossils. 
Such  are  the  shells  and  other  external  skeletal  structures 
secreted  bv  a  varietv  of  animals  — as  crustiicea,  molluscs, 
echinoderniH,  corals,  and  so  forth;  and  the  bones,  teeth, 
and  other  hard  structures  of  the  vertebrates.  Besides  the 
actual  remains  of  animnls  and  y)lants,  any  evidence  of  their 
existence  which  is  preserved  is  commonly  included  under  the 
name  of  fossil.  Thus,  impressions  made  by  living  animals 
and  plants  in  the  unconsolidattKl  rock  material,  and  struct- 
ui'es  built  by  animals  from  inorganic  material,  are  fossils  if 
properly  buried.  Exami)les  of  the  first  are  the  foot-prints  of 
vertebrates;  the  tracks  and  trails  of  jelly-fish,  worms,  mol- 
luscs or  Crustacea ;  the  burrows  of  worms,  borings  of  ani- 
mals in  stones  or  shells,  and  the  imi)ressions  nmde  by  sea- 
weeds in  motion.  Among  the  second  class  are  worm  tubes, 
built  of  sand  grains:  foraminiferal  shells,  built  of  foreign 
particles;  flint  implcMuents  and  other  utensils  of  primitive 
man:  the  relics  of  the  Swiss  Lake  Dwellers;  Roman  and 
other  ancient  coins  buried  in  the  peat  bogs;  and,  in  fact,  all 
artificial  y)ro(luction8  of  early  man  or  other  animals  which 
have  become  entombed  by  natural  agencies.  Thus,  three 
classes  of  fossils  may  be  recognized,  viz : 

1.  Organic  remains  and  their  im])ressions. 

2.  Trails,  tracks,  and  burrows  of  organisms. 

3.  Artificial  structures. 

Mere  burial,  however,  does  not  in  all  cases  insure  preser- 
vation, even  of  the  hard  ])arts  of  animals.  The  fossil  must 
be  protected  from  subsequent  destruction.  The  subsequent 
destruction  of  fossils  is  usually  most  comjilete  in  those  beds 
which  have  been  subjected  to  alt^i-ation  by  heat  during 
mountain  building  disturbances,  and  in  such  cases  the  fossils 
are  usually  no  longer  distinguishable.  This  has  been  the 
fate  of  many  organic  remains,  which  have  thue  'pmi:COi^t^ 
pletely  destroyed. 


>i«>|,|   riON   AM>  THK    FORMATION"  OF  MOU»S 

A.M>  TASTS. 

•  'ill  l>»>iiat«.'«l,  (If  Mthf-rwisf  acidulate*!  waters  will  dissolre 
■  .ill  .(U'otis  fotvsils.  if  th^f  stnitii  in  which  thev  are enit«dded 
IK  |n«r\  ions  ri>  tlu*  warnr.  Thus,  a  moM  of  the  exterior  of  a 
'!»  -ioUiHl  slu'll,  t\n*  exarn[»U.\  may  rvmain  in  the  rock,  whilea 
MP.M  oi  iho  interior,  forriietl  \)V  the  inu«I  or  sandwhieh  found 
•  I  w.is  Ik'I  wtvu  the  valvf*s.  will  remain  within  the  mold  of 
tin  •  virnor.  If  the  v*j*:k  is  lunler  [»res«ure,  it  mar  happen 
'  III  I  I  hr  I  w  o  mo\di>  ar-e  i»resse«l  a;raiiist  each  other,  and  the 
:» I  •Hi;.'»  r  Icaiiires  ot  on*:-  may  U-^-ome  su{ierim|K>6ed  upon  the 
.. '  «l,«i  Uai  uress  of  the  other.  Th?is.  fossil  mussels  mavshow 
•'»'  '  \irinal  striiv  iin[>i>*ss*Ml  on  the  internal  mold,  show- 
"•.'  •»  I  hr  same  time  th»*  musi.-iilar  impressions  in  relief. 
'  *• '  »  MiiMlIx  the  spa«.v  l»etue»'ri  the  two  mohls,  i.  e.  that 
"•'111.  iK  inrnpieil  l»v  the  shell,  mav  Ix*  fillfnl  hv  infiltrations, 

I   I  • .;  ./  Mil  he  vM'iuinal  sh»*il  may  tlius  Ije  proiluced. 


1 1 1 


\ir.riiAMrAL  dhformations. 

H.    .     u.   N.Tv  n»muK>ii,  ami  rh<'y  are  apt  to  ^ive  a  false 

•I"       ' i  (lie  fvn-m  of  the  fr^^jsil.     Distortion  bv  vertical 

'[■■       '•••!  1.^  Uh«  rharacteristie  method  of  deformation  of 

■I     iM  Mi.'li.si  MilK'tl  strata.     This  [>n*ssiire  is  due  to  the 

■'  '•'.     >.i    Hit'    siiata    on  solidifviri^r.  and  is  especially 

•  'M    l»  »lr.-.      Most  fossils  havff  prohahly  l)een  aflecteil 

irni    h\    such  compression,   and  frequently  the 

'  ■  ■      I.  ii'im*Hu»n  is  verv  nnirked.     When  the  fossils  are 

I    »M     I    limestone  concretion  foruHMl  about  them, 

,  •  '•• '♦•K     Miiiaih    unaffected    by    Hueh    pressure.     In 

'«.        M.j.M.wmd   b<Hls  the  distortion    mav  i*ender  the 

* 

.  •.u.iililf.    while  in  be<ls  in   which  cleavage  is 
I    ,     i     I..  .  n..»  V  alUM-t.  (ho  fossil  as  niueh  as  the  rock. 

•I   'nimitdrt  and  plants   eonimonly  undergo 

1         ih.nl  mil  alter  burial.    The  amount  of  alter- 

!   •'      ■'  '  ».  .  »n  '•• «  »a  (bu'in^  a  given  time  varies  in  general 

i>.  ii'ii  (14111   in  the  relative  amount  of  mineral 
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matter  in  the  fossil.  The  flesh  of  aiiimnls,  as  ah'eady  noted, 
will  commonly  disappear  (juickly,  not  even  an  impression 
remaining.  The  presence  of  petroleum  in  corals  and  in 
cavities  of  shells,  however,  indicates  a  probable  result  of  tlie 
decomposition  of  buried  fleshy  portions  of  animals.  A  more 
complete  preservation  of  soft  organic  tissues  is  brought 
about  by  the  pi'ocess  of 

CARBONIZATION. 

This  occurs  in  plants  and  in  those  animals  which  have  a 
chitinous  skeleton,  e.  g.,  Hydrozoa;  a  carbonaceous  fllm, 
seldom  showing  structure,  will  usually  remain. 

The  most  important  changes  which  buried  hard  sti'uctures 
of  animals  imdergo  are  as  follows: 

1.    Infiltration. 

Skeletal  structures  are  ccmimonly  more  or  less  porous, 
and  the  first  change  which  is  likely  to  occur  is  the  filling  of 
the  pores  by  mineral  nuitter,  usually  by  carbonate  of  lime, 
though  infiltration  of  silica  often  occurs.  The  filling  of  the 
pores  occurs  upon  the  decay  and  removal  of  the  perishable 
organic  matter  which  ()ccui)ie(l  them.  The  structure  then  is 
solid,  and  completely  ''petrifi(HV  or  turned  to  stone. 

Fossils  made  solid  bv  infiltration  of  carbonate  of  lime  are 
commonly  among  the  best  juvserved  organic  remains,  for 
they  will  retain,  in  an  unaltered  condition,  the  minutest 
structural  features.  This  is  the  normal  condition  of  the  fos- 
sils in  liniestones  and  sliales,  an<l  hence*  specimens  obtained 
from  such  rocks  ar(^  in  the  best  condition  for  critical  studv. 
All  classes  of  organisms  ai-e,  however,  not  eipially  well  ynv- 
served  by  this  ])r()cess.  Very  porous  structures,  such  as  the 
plates  of  echinodernis  (e.  g.,  crinoid  stems  and  plates),  are 
commonlv  aff(»ct(Ml  bv  the  crvstallization  of  the  infiltrated 
calcite.  Such  crystallization  usually  affects  the  whole  j)late, 
thus  oblit<'rating  the  original  microscopic*  structure,  though 
the  external  form  nuiy  be  perf(»ctly  retained. 
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Shells  of  brachioporJs  and  niollurt<-8  preserved  by  the  iutil- 
tration  of  oalcite  are  among  the  lea^t  altered  remains,  and 
Cf>ralrt  thu8  affectefl  commonlv  retain  all  the  details  of  their 
Htructure.  If  the  infiltrating  mineral  i«  silica,  it  will  e*>m- 
monly  lead  to  a  complete  silicification. 

2.    Replacement. 

This  occurs  when  another  mineral  takes  the  place  of  that 
of  which  the  skeleton  originally  consisteil.  It  is  commonly 
a  process  of  silifificution,  where  silica  replaces  the  original 
substance,  though  rnlrification  of  originally  silicei>us  struct- 
ures is  known  to  occur  in  spfmges  an<l  Radiolaria  (Zittel). 
Silicification  mav  conveniently  be  considered  as  occurring  in 
two  ways.    The  first  obtains  when  the  decaying  organic 

tissue  is  directly  reT)lnced  by  silica,  as  in  fossil  wocmI.    This 

t.       I  •. 

is  a  process  of  moh^cuhir  substitution,  where  a  molecule  of 
silica  takes  the  ])lace  f)f  a  molecule  of  the  wood,  the  inter- 
change probably  being  due  to  some  form  of  chemical  in- 
action. In  such  cases  the  micros<-opic  structure  of  the 
wood  is  usunlly  retained  in  great  ])erfection.  The  other 
mode  of  silicification  itiyolyes  tiie  replucement  of  the  mineral 
matter  of  the  shell  or  other  hard  structure  by  silica,  a  pro- 
cess which  must  be  preceded  by,  or  concurrent  with,  solution. 
In  this  latter  case  the  l)eginning  of  silicification  is  usually 
marked  by  the  appearance,  on  the  surface  of  the  fossil,  of 
a  series  of  concentric  rings  (Be(»kite  rings)  surrounding  a 
central  eleyation.  This  method  of  silicification  commonly 
destroys  the  microscopic  structure  of  tlie  organic  remains^ 
but  it  giyes  them  a  mechanicnl  nnd  chemical  stability,  which 
will  insure  the  perfect  preservation  of  the  external  forms, 
and,  furthermore,  allow  th(»  fossil  to  weather  out  in  relief. 

Fossils  are  also  replaced  by  iron  jjyrites  (or  marcasite),by 
iron  oxide,  and  by  other  minerals.  Such  replacements 
involve  a  chemical  reaction  between  the  replacing  and  origi- 
nal substances.  Pyritized  fossils  arc^  among  the  most  ex- 
(]uisitely  ]>reserved  organic  remains,  but  they  are  subjei't  to 
disintegration  on  ex])osure. 
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PAL.4':0NT()I/)GY  IN  ITS  RELATION  TO  GEOLOGY. 

(Stratigraphy.) 

FohhIIh  iiiav  l)t>  Htudied  in  varioim  wavH,  and  \vitl>  sevcial 
ends  in  view.  Tlie  Kimplewt  UHe  wliicli  can  be  made  of  them 
is  that  of  ^eolojj^ical  indices,  or  ** medals  of  creation/'  each 
characteristic,  to  a  certain  extent,  of  the  ])artlcnbir  ^eoh)gic 
horizon  in  whidi  it  is  found.  This  is  tlie  empirical  method 
of  study,  for  it  is  only  by  exi>erience  that  we  learn  to  recog- 
nize particular  fossils  as  cliaracterizing  particular  forma- 
tions. It  is  th(»  method  most  fre(|uently  employed,  and  it  is 
sufficient  for  the  purpose  of  identifying  a  stratum  over  a 
limited  area,  or  of  correlating,  in  a  general  way,  formations 
at  widely  s(»parate(l  localiti(\s.  Studied  in  this  way,  fossils 
l)ecome  ** finger-marks''  by  which  to  recognize  the  position 
of  a  given  formation  in  the  geological  scah*. 

In  order  that  such  identification  and  correlation  mav  be 
successfully  accomplished,  intimate  accjuaintance  with  the 
fossils  on  which  the  correlation  depends  is  re(|uire<l.  It  is, 
furthermore*,  important  that  the  geologist  who  ])roposes  to 
use  fossils  should  have  a  clear  knowledge  of  the*  r<»lativc 
stratigraphic  value  of  the  si)ecies  to  be  used :  in  other  words, 
he  must  know  which  sj>ecies  are  to  be  dejK^nded  upon  as 
indicative  of  a  given  horizon.  S|>ecies  of  animals  or  plants 
which  are  thus  characteristic  of  <lefinite  g(»ologic  horizons 
are  known  as^'  Ind<'X  Fossils,'' *  and  the  precision  with  which 
they  indicat<»  the  geologi(*  horizon  is,  in  gcMieral,  inversely 
proportiimal  to  th<»  <listance  l)etween  the  localities  in  which 
the  formations  an*  to  Ik'  correlated.  Single  strata  can 
be  identified  onlv  over  verv  limited  areas  bv  th(»ir  index  fos- 
sils, —  usuallv  onlv  over  the  area  chai-acterized  bv  a  uniform 
lithologic  condition  of  the  stratum.  Thus,  it  is  only  within 
a  radius  of  perhaps  iifteiMi  or  twenty  miles  from  Eight(H»n 
Mile  Cr(.H.*k  that  th<'  brachiopod  Stropheodontn  thmissa  is 
characteristic  of  the  up])er  b(»ds  of  the  Hamilton  shales,  and 
that  the  coral  Pleurodictvnm  stylojyorn  is  characteristic  of 
the  lower  lx»(ls  of  the   Hamilton.     \\\\t  within   th<'se  limits 

•  German  '*  I^it/o8niHen.'"—  H*^  further,  ('Imptfr  HI. 
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these  fossils  are  practically  reliable  guides  to  the  position  of 
these  strata,  as  they  are  not  found  above  or  below  them. 

But  if  we  attempt  correlation  by  index  species  over  greater 
areas  we  shall  have  to  be  less  precise.  Thus,  Stropheodonta 
demissn  and  rieurodictyum  stylopora,  together  with  a  num- 
ber of  other  species,  such  as  Spirifev  granulosus,  Stropheo- 
donta concHva,  etc.,  are  practically  confined  to,  and  indica- 
tive of,  the  Hamilton  stage  of  Western  New  York.  But 
while  these  species  are  sure  guides  to  the  identification  of  the 
Hamilton  stage  over  tliis  area,  they  can  not  be  used  in  corre- 
lating even  the  gi^eater  subdivisions  of  this  stage.  Thus,  in 
the  region  about  Eigliteen  Mile  Creek  the  species  mentioned 
are  entirelv  confined  to  the  Hamilton  shales  below  the 
Encrinal  limestone,  not  a  single  specimen  having  been  found 
in  the  Moscow  shale  above  that  bed.  But  in  the  Genesee 
Valley  these  s])ecie8  are  entirely  confined  to  the  Moscow 
shales  above  the  Encrinal  limestone,  none  having  been 
observed  below  that  bed.  (,'onsequently,  detailed  correlation 
by  these  s]>ecie8  alone  is  impossible. 

In  the  intercontinental  correlation  of  formations,  the 
greatest  caution  is  necessary  in  the  selection  of  index 
species,  and  it  not  infre(iuently  happens  that  a  character- 
istic species  of  a  particular  horizon  in  one  country  may  be 
whollv  restricted  to  a  different  horizon  in  another  countrv. 
Tropidoleptus  carinntus  and  VituUna  pustulosa  are  ex- 
am])les  of  this.  These  two  brachiopods  are  eminently 
characteristic  of  the  Hamilton  oi*  Middle  Devonian  group 
of  North  AnuTica,  occurring  in  it  wherever  this  group  is 
typically  developed.  They  are  again  characteristic  of  beds 
in  tlie  Anuizon  River  district,  which  by  some  are  placed  in 
the  Middle,  and  by  others  in  the  Lower  Devonian  grouj). 
In  Bolivia  thev  characterize  the  Icla  shales,  which  are  con- 
sidered  Lower  Devonian,  and  in  South  Afi-ica  these  species 
are  reported  from  beds  of  the  same  horizon  (Ulrich).  Tro- 
pidc  ns  hi     also  been  reported  from  the  Low^er 

or  and  the  Rhine  district.  Lepto- 
mly  found  associated  \vith  these 
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species  in  foreipi  countries,  but  in  Nortli  America  it  is 
restricted  to  tlie  base  of  the  Lower  Devonian  gi*oup. 
(Lower  Helderl^erg  and  Oriskany  beds. ) 

Index  species  wliicli  have  been  successfully  employed  in 
intercontinental  correlation  are  Spirifer  disjunctus  for  the 
upper,  and  Goniatites  intumescens  and  RhynchoneUa{HypO'' 
thyris)  cuboides  for  the  lower,  part  of  the  Upper  Devonian 
group. 

While  general  correlation  by  index  species  is  thus  possi- 
ble, much  detailed  work  is  nec*esHary  to  establish  the  proper 
relations  betwe^en  the  beds  occupied  by  these  species  at  the 
several  localities.  The  nature  of  the  sediment,  and  the 
physical  conditions  indicated  by  it,  and  by  the  fossils  them- 
selves, must  be  taken  into  consideration,  and  the  causes  for, 
and  directions  of,  the  migrations  of  the  faunas  must  be 
investigated.  This  method  of  investigation  in  correlative 
geology  is  still  in  its  infancy,  and  it  requires  for  its  proper 
prosecution  a  thorough  pahT^ontological  training.  The 
results  to  be  obtained  are  cei'tain  to  be  of  far-reaching  im- 
portance to  both  geologist  and  biologist. 

rAL.E0XT0LO(}Y  IX  ITS  RELATION  TO  BIOLOGY. 

( Piila'obiology. ) 

The  study  of  fc^ssils,  fi-oni  a  purely  biological  point  of 
vieAv,  has  made  such  progress  within  the  last  fifty  years, 
and  the  results  obtained  have  been  of  such  importance,  as 
to  raise  ])aL-eontol()gy  from  a  subordinate  geological  study 
to  the  rank  of  an  independcMit  science.  Not  only  have  im- 
portant discovei-i(\s  in  comparatives  anatomy,  morphology, 
and  systematic  zocilo^-v  and  botanv  been  made  bv  the  studv 
of  fossils,  but  it  has  become  possible  to  trace  cmt  actual  lines 
of  genetic  descent  in  the  organic  realm.  This  has  been 
accomplished  by  the  detaik^d  study  of  particular  classes  of 
organisms  and  the  comparison  of  the  several  transient 
stages  in  the  lift^-history  of  the  individual  with  the  ])ersistent 
adult  charact^'ristics  of  those  members  of  the  sanu*  class 
which  precedcvl  them  in  time.    Such  detailed  study  has  been 
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carried  on  among  tlie  cephalopods  by  Hyatt  and  others  in 
this  country,  and  by  Wiirtenberger,  Branco,  Karpinsky  nnd 
others  in  Europe.  Jackson  has  studied  the  pelecypodn  and 
the  Palaeozoic  Echini,  and  Beecher  the  brachiopods  and 
trilobites.  The  principle  on  which  this  work  is  based  is 
embodied  in  the  law  first  clearly  enunciated  by  Louis 
Agassiz  and  Carl  Vogt:  that  the  stages  in  the  cycle  of  indi- 
vidual life  can  be  correlated  with  the  characteristics  of  the 
adult  in  allied  types  which  apj)ear  earlier  in  the  geologic 
record.  According  to  the  modern  interpretation  of  such 
phenomena,  this  correspondence  indicates  a  genetic  relation, 
the  later  forms  having  descended  from  the  earlier,  and  each 
recapitulating  in  its  own  life-history,  more  or  less  perfectly, 
the  Hfe-history  of  the  group  to  which  it  belongs. 

Investigations  in  this  direction  require  the  study  of  young 
and  intermediate  as  well  as  adult  individuals.  Immature 
forms  may  frequently  be  found  associated  with  the  mature 
individuals  in  the  strata,  and  they  can  be  obtained  by 
processes  described  in  the  next  chapter.  For  the  details 
of  the  methods  of  investigation  in  Biologic  Palaeontology 
the  student  is  referred  to  the  works  of  Hyatt,  Jackson, 
Beecher,  Clarke,  Schuchert,  J.  P.  Smith,  and  others. 


CHAPTER   I. 

HOW    TO    COLLKCT    AND    PRRI'AKK    FOHSIL    IWKKTKBHATJOH. 

(A.)  Collecting   Fossils. 

Outfit.  Tlie  outfit  needed  for  collecting  fossils  is  a  very 
simple  one.    It  consists  of  tlie  following  articles : 

1.  .4  CoUecthifr  Ihi^,  basket  or  other  n^ceptacle  for  carry- 
ing the  fossils.  The  dimensions  of  the  leather  ba^  commonly 
used  by  ^eolo^ists  and  ])aheontolopsts  aiv  13  x  13  x  4 
inches.  It  opens  at  one  en<l,  wh<»re  it  is  prot«H*ted  by  a  flap, 
which  mav  l)e  secnnvd  bv  a  buckle.  It  has  an  additional 
pocket  for  a  note-book,  and  has  a  strap  for  carrying  it  C)n 
the  shoulder.  The  common  canvas  huntin^-ba^,  obtainable* 
at  any  gun  store,  is  well  suited  for  this  work,  and  has  the 
additional  advantages  of  V>eing  light  and  cheap. 

2.  Hummers.  A  mason's  or  bricklaver's  hammer,  with  a 
srjuare  face  and  a  jM^en  en<l,  which  ta|x»rs  with  the  cutting 
edge  transv(»rse  to  the  han<lle,  and  a  small  square-faced  and 
8harp-e<lged  trimming  hammer,  are  iH^'ded.  The  former  is 
used  to  [>ry  up  the  shale  lamiiue.  and  is  csp(K-ially  us<»ful  in 
the  lH*ds  of  the  streams.  whil<*  the  latter  is  usfMl  to  trim  off 
most  —  not  all — of  the  superfluous  I'oek.* 

3.  Chisels.  Several  ston<*-cutter\s  chisels  r)f  <liffen»iit  sizes, 
for  cutting  the  fossils  from  the  limestone,  are  nr*<*ded. 

4.  Wfjtlgfi.s.  Two  or  three  large  st»*e|  \vedgi*s,  for  prying 
up  large  slabs  of  rock,  are  exceerlingly  usr'fiil. 

."}.  Ijffiis.  The  collector  should  always  Ik*  j)rr)virli'd  with 
a  fairly  goo<l  lens  of  large  fi**ld. 

0.  Xotif-hrjffk.  Some  form  of  note-book,  for  recording 
observatifnis  on  the  spf)t.  shouM  be  taken  into  the  fi<'ld. 
Thos**  with  the  paper  Ijound  on  the  enrl  instend  of  the  side 
are  more  coiivenient. 


*Tbe  >iariini«*ni  her*^  'l<;Hcri>je<]  can  \i^  obtaioed  from  Fayette  R.  Plumb.  PLiUi'l*;li/riia, 
Pa..  UD'Jftr  HtyUgh  (».  ariil  N..  at  fl.SS  and  90.60  rMpvctively. 
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7.  Labels.  Blank  paper  for  labels  should  always  be  at 
hand.  It  is  desirable  to  have  the  field  labels  cut  to  uniform 
size. 

8.  Wrapping  Paper  and  Twine,  A  good  supply  of  these 
most  necessary  articles  should  be  taken.  This  should  com- 
prise tissue  paper,  newspapers,  and  strong  brown  paper, 
such  as  can  be  obtained  at  any  country  grocery  store.  The 
twine  should  be  strong,  but  not  too  thick. 

9.  Boxes.  A  number  of  cigar  boxes,  tin  tobacco  boxes, 
and  small  spool,  pill  or  other  paper  boxes  should  be  taken 
for  the  more  delicate  fossils. 

10.    Cotton  Batting.    A  supply  of  this  article  for  use  with 
the  boxes  is  necessarv. 

Field  Work.  The  rock  from  which  fossils  are  to  be  col- 
lected in  this  region  are  shales  and  limestones.  The  former, 
when  calcareous,  are  usually  rich  in  fossils;  but  when 
bituminous  or  gritty,  fossils  are  usually  scarce.  The  lime- 
stones are  often  made  up  of  fragments  of  fossils,  but  the 
variety  is  commonly  not  very  great. 

Collecting  from  the  Shales.  It  is  next  to  useless  to  attack 
a  vertical  shale  bank,  as  it  is  difficult  to  extract  the  fossils 
entire,  even  if  they  are  exposed.  A  better  plan  is  to  follow 
down  the  stream  bed,  and  pry  up  the  layei-s,  in  descending 
order.  If  this  is  impracticable,  the  bank  has  to  be  attacked 
as  best  may  be.  Joint  cracks  will  assist  in  prying  out  large 
masses,  which  may  then  be  split  up.  In  prying  out  such 
masses,  however,  care  must  be  taken  that  the  overlying  beds 
are  not  too  nuicli  disturbed,  as  dangerous  falls  of  rock  from 
above  may  result.  This  caution  is  especially  necessary 
where  the  fissile  bituminous  shales  (Genesee  and  Black 
Naples)  nre  undermined.  In  such  oases  it  is  prudent  to  pry 
out  the  piece  (juickly  and  cautiously,  and  then  take  it  to  a 
place  of  safety,  where  it  can  be  split  up.  The  shales  are  most 
easily  sj)lit  up  while  still  wet.  After  they  have  dried  in  the 
sun  they  become  very  brittle,  and  it  is  difficult  to  get  perfect 
specimens  from  th<  '  is  to  be  split,  first, 


». , 
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with  the  peeii  end  of  the  hainnier,  or  witli  a  flat  ehiHel,  and 
after  that  with  a  small  prying  instrument.  A  pocket-knife 
•is  very  serviceable.  The  tliin  slmle  pieces  can  be  easily 
reduced  to  the  proper  size  by  bi'eaking  with  the  fingers,  or  by 
cutting  with  a  chisel ;  trimming  with  the  hanmier  should  be 
avoided.  The  ultimate  trimming  and  cleaning  is  to  be  done 
in  the  laboratory.  If  the  specimen  is  broken,  the  parts 
should  be  wra[)ped  separately  and  then  together,  the 
gluing  being  left  for  the  laboratory. 

Collecting  from  tho  Weathered  Shale.  When  exi)()sed  to 
rain  and  sun  for  some  time  the  shale  becomc^s  reduced  to 
clay,  and  tlu»  fossils  weather  out  fi*ee.  In  such  cases  the  col- 
lector should  get  down  on  hands  and  knees  and  crawl  over 
the  ground,  carefully  picking  up  all  the  good  specimens  and 
all  the  doubtful  ones.  A  small  ])air  of  pointed  pincers  will 
be  found  useful  for  picking  up  the  smaller  fossils.  When  the 
rock  is  weathered  (U^»ply,  it  will  be  found  advantageous  to 
carry  away  a  ([uantity  of  th(»  clay  in  bulk,  to  be  looked  over 
in  the  laboratory.  The  fossils,  as  they  are  picked  up,  should 
be  placed  on  a  layer  of  cotton  batting,  in  a  box,  and  not  be 
disturbed  again  until  they  retich  the  laboratory. 

Collecting  from  the  Limestone.  Such  rocks  as  the  Encri- 
nal  limestone  will  usually  yield  their  fossils  on  the  blow  of 
the  hammer.  The  rock  should  be  si)Iit,  if  possible,  parallel 
to  the  bedding  i)lane.  If  portions  of  fossils  are  visibU*  th(^ 
bulk  of  tli(»  surrounding  rock  should  1h»  trimmed  with  the 
hannncr,  and  the  further  cleaning  and  developing  reserved 
for  the  laboratorv.  Do  not  try  to  bivak  out  the  fossils  in 
the  field.  Vou  will  probably  end  by  breaking  the  fossil.  It 
is  better  to  carrv  some*  additional  vork.  WIkmi  the  rock  is 
weathered,  the  fossils  usuallv  stand  out  in  n^licf,  and  thev 
may  often  be  obtain(»d  by  careful  manipulation  with  liannner 
and  chisel.  Some  rock  should  nlwavs  be  taken  with  the 
specimens,  as  they  can  seldom  be  wholly  freed  from  tho 
matrix  without  losing  in  appearance,  if  not  in  value.  If 
extensive  collections  are  to  be  nmde  fi-om  the  limestones,  a 
sledge  hanmier  is  desirable. 
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Collecting  from  the  .  Concretions.  The  calcareous  and 
pyrite  concretions  often  jMeld  good  foKsils.  These  may  not 
a[)pear  on  breaking  the  concretion,  bec^ause  the  splitting 
seldom  occurs  in  the  right  plane.  Geikie  suggests  putting 
the  nodule  into  the  fire  and  dropping  it,  when  quite  hot, 
into  cold  water.* 

Collecting  from  the  Talus,  This  resolves  itself  into  simply 
picking  over  the  loose  material  at  the  foot  of  the  cliff  and 
selectmg  desirable  specimens.  Good  material  is  often  ob- 
tained in  this  manner;  but  it  is  of  little  value  for  stratigraphic 
purposes,  as  the  various  l)edH  here  have  their  fossils  com- 
mingled. Fossils  from  the  talus  should  always  be  marked 
as  such.  Not  infrequently  their  ])()sition  in  the  bank  can  be 
ascertained,  as  in  the  case  of  the  large  cup-corals,  which  all 
belong  to  the  lower  Moscow  shale.  I  have  frecpiently 
found  among  the  talus  heaps,  rock  fragnient*^  which  have  no 
local  out(*rops,  but  Ix^long  farthei-  north,  having  been 
brought  down  in  the  drift  dui-ing  the  glacial  f)eriod,  as 
noted  in  Chapter  III.,  Part  I.  This  will  serve  to  show  how 
unreliable  talus  s])ecimens  are,  as  distinct  geologic  hori- 
zons mav  easilv  be  confounded. 
«  t. 

Wrapping  nnd  Packing.  Wraj)  each  s|M*cimen  separately 
in  newspaper,  or,  if  very  delicate, in  tissue  paper,  and  then  in 
newspai)er.  Snmll,  delicate,  free  fossfls  should  be  placed  be- 
twei»n  layers  of  cotton  batting  in  boxes.  When  all  the  speci- 
mens from  one  bed  are  wrapjxid,  make  a  package*  of  them  by 
wi-apphig  them  up  in  a  piece  of  brown  pa])er  and  securely 
tying  them  with  twine.  With  the  specimens  should  be 
packed  a  label,  on  which  a  record  of  the  bed  and  locality  is 
made,  jukI  which  bears  a  number  corresponding  to  the  entry 
in  the  note-book.  The  legend  on  the  lal>el  should  also  be 
written  upon  the  outside  of  the  ])ackage,  ]>referal)ly  with  an 
indelible  pencil.  Never  n(»gl(»ct  the  labeling  and  recording  in 
the  note-book,  as  oth(»r\vise  much  of  the  value  of  the  collec- 
tion mav  be  lost.  Also  make  the  notes  extensive  and  at  the 
time  of  collecting.    .1//  experienced  collector  will  never  trust 

♦T«-xt-l»0()k  of  (JeoloK.v,  'M  K«l..  mm,  p.  «73. 
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his  memory,  Wlien  tlio  packtiges  are  nil  seciu'ely  tied  and 
labeled,  set  them  in  a  stout  wooden  box,*  and  mark  the  eon- 
tents  on  the  outside  of  the  box.  Never  ship  sptKfimens  in  a 
box  which  is  not  completely  filled  and  firmly  packed. 

(IJ.)    PnEj»AKix(;  FoHSJLs  roK  Stidy. 

Outfit.  The  laboratory  outfit  varies  a<*cordin<»-  to  the 
amount  and  character  of  the  work  to  b(»  done.  Much  must 
be  left  to  the  ingenuity  of  th<^  work(»r;  but  the  following 
tools  are  indisi)ensable : 

1.  Trays.  Both  wooden  and  pasteboard  trays  are  net^ded. 
The  wooden  trays  should  not  be  less  than  two  inches  dtvj), 
should  fit  one  upon  the  otlwT,  so  as  to  prev(»nt  dust  from 
getting  into  them,  and  should  not  be  too  large  for  easy 
transportation.  A  wooden  rim  nailed  around  the  outside  of 
the  top  of  each  tray,  so  that  a  portion  projects  above  the 
upper  rim  of  the  tray,  will  be  found  an  excellent  device  for 
making  the  pile  of  trnys  stable,  for  kee[)ing  out  dust,  and  for 
aid  in  carrying  the  tray.  In  i)lace  of  the  trays,  wooden 
drawers  may  be  used.  The  paper  trays  should  be  shallow  — 
not  over  an  inch  deep,  and  of  diff(»rent  sizes.  Pasteboard 
box  covei*s,  and  the  boxes  thenis(»lves  with  the  rims  cut 
down,  are  suitable.  The  travs  in  wdiich  the  fossils  an*  to  be 
jjermanently  kept  should  be  of  uniform  (pmlity.  and  in  size 
they  should  be  multiples  of  om*  another, nnd  made  to  fit  into 
the  drawers  which  are  to  contain  tlu?  collection  p(»i'man(»ntly. 

2.  Tools  for  Chumin^u;. 

a.  lirushes,  A  vai-iety  of  brusln's  is  re(inired.  S(»veral 
coarse  bristle  brushes,  of  vnrious  sizes  and  stiffness,  are 
needed  for  wushing  the  fossils.  Finer  brushes,  such  as  nail- 
brushes an<l  tootli-bi-uslirs,  ai-c  needed  for  develoi)ing.  A 
fine  camers-haii*  brush,  foi-  ])icking  up  <lelicnte  s|H»cimens,  is 
convenient.  A  long,  narrow  brush  of  fine  brass  wire*  is  use- 
ful for  cutting  soft  suudy  matrix  from  the  fossils. 


'Soap  IwxeH  are  «*x<v»II«miI  f«»r  this  iniriH»st». 
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I).  I  utting  Forceps.  The  ordinary  cutting  forceps  obtain- 
able at  any  hardware  store  will  be  found  exct^edingly  useful. 
The  kind  with  the  cutting  edge  at  right  angles  to  the  long 
axis  of  the  tool  is  best. 

c.  Pincers.  Several  small  pincei-s,  such  as  arc  used  by 
watchniakei's,  arc  serviceable  for  picking  u|)  small  sf)eci- 
mens. 

d.  Cutting  and  Graving  Tools.  These  should  be  picked 
out  to  suit  the  naturc  and  delicacy  of  the  work  to  be  done. 
A  numl:)er  of  fine-pointed  steel  gravers  in  handles  arc  neces- 
sary. At  least  one  of  these  should  have  a  chisel  edge.  Den- 
tists' tools  arc  excellent  for  cleaning  and  preparing  fossils. 

e.  Chisels  and  Mallets,  Small  stone-cutters'  chisels  and 
a  small  mallet  iirc  useful  for  trimming  limestone  specimens. 

f .  Sand  Bag,  A  stout  canvas  bag,  partly  filled  with  fine 
quartz  sand,  is  necessary  to  prevent  the  si)ecimens  from 
being  shattered,  and  to  prcvent  the  marring  of  the  under- 
side of  the  specimens. 

g.  Trimming  Hammers,  These  should  be  of  small  size, 
and  should  have  square  faces. 

h.  Lenses  and  Microscope.  Several  lenses  of  different 
power  arc  needed.  Among  them  should  be  a  watchmaker's 
eyt»-glass,  which  can  be  attached  to  the  eye,  and  will  thus 
leave  both  hands  free  for  work.  A  compound  inicroscoj^e 
is  needed  f(^r  tlie  study  of  small  specimens. 

i.  Glass  Slides  and  Balsam,  These  are  needed  to  mount 
the  microscopic  specimens  obtained  by  wa^shing  the  clays. 

j.  Alcohol  Lamp.  A  small  alcohol  lamp  or  Bunsen  burner 
is  frecjuently  needed. 

k.  Dishes,  Beakers  and  Bottles.  These  should  be  selected 
to  suit  the  convenience  of  the  niani])ulat()r. 

1.  Ghic.  Liquid  fish  ^1  lie  will  be  found  suitable  for  mend- 
ing broken  si)ecimens. 

m.  Field  Tickets.  Small  coIohkI  tickets,  only  large 
enough  to  write  a  number  on,  arc  used  to  ticket  all  speci- 
mens after  cleaning.  The  number  on  the  field  label  is  to 
be  written  on  the  ticket. 
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11.  Moulding  Material,  tiutta-pereha,  which  comes  in 
thin  sheets  and  can  be  obtained  at  any  rubber  store,  is 
useful  for  taking  impresHions  from  the  moulds  of  fossils. 
*^ Modeling  coni])osition  No.  2,  medium" — a  dentist's  wax 
of  a  red  color,  and  obtainable  in  half-pound  boxes  at  any 
dentists'  supply  stoi-e — will  frecpiently  be  found  more  useful 
than  gutta-percha. 

o.  Chemicals.  Hydrochloric  acid,  caustic  potash  (sticks), 
and  vinegar  are  necessary  for  cleaning  and  etching. 

Laboratory  Work.  As  soon  as  the  specimens  are  un- 
packed, ]>hi(*e  them  in  the  paper  trays,  making  sure  that 
each  tray\H  provided  with  a  co])y  of  the  proper  field  label. 
The  specimens  may  be  roughly  assorted,  but  they  must 
never  be  left  without  lal)els.  The  clay  is  washed  off  by  use 
of  the  coarse  brushes,  and  the  superfluous  rock  is  removed 
with  the  cutting  force])s,  or  other  tools.  If  the  specimen  is 
broken,  clean  the  [)arts  and  then  glue  them  together,  placing 
them  on  a  bed  of  sand  until  dry.  The  sand  will  support  the 
unequal  parts,  and  prevent  them  from  separating,  as  they 
would  if  unsupported.  In  cleaning  specimens  with  chisel 
and  nuillet  always  place  them  on  a  sand  bfig. 

To  rem()V(»  hard  day  or  shale  from  delicate  specimens, 
whei-e  cutting  is  impossible,  ])lace  small  Uiblets  of  caustic 
potash,  cut  from  the  sticks,  upon  the  shale  matrix,  and 
leave  it  foi*  somi*  hours.  The  calcareous  shale  will  be  disin- 
tegrat^Ml  and  can  be  washed  off.  Uei)eat  this  until  the  speci- 
men is  clean.  After  that,  wash  the  s])ecimen  thoroughly  for 
some  days  in  several  changers  of  water,  to  which  a  few  drops 
of  hvdrochloric  acid  have  been  added,  to  remove  all  the 
potash,  otherwise  th(»  s])ecimen  may,  in  the  course  of  tim(\ 
disintegrate.  Specimens  from  the  Encrinal  and  the  other 
'limestone  beds  may  be  cleaned  with  acid,  th(»  final  (»tching 
being  donc^  with  dilut-e  vinegar. 

Obtaining  Fossils  from  tlw  Disintegrated  Sliaics.  The 
shales  have*  fre(iuently  disintegrattMl  into  clay.  To  obtain 
the   small    fossils    from    these    the    following    method    of 
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procedure  is  recommended:  *' Palaeozoic  fosHiliferous  clays, 
which  are  to  be  washed  for  small  and  young  fossils,  should 
be  first  dried  in  an  oven  or  in  the  sun,  and  then  well  soaked 
in  water  for  a  day  or  more  before  washing.  A  deep  pan  or 
bucket  serves  well  for  this  purpose,  using  the  hands  to  stir 
the  mass  around,  but  do  not  get  too  much  mud  in  suspen- 
sion, since  in  pouring  off  the  muddy  water  many  of  the* 

smaller  organisms  are  liable  to  be  carried  away 

After  the  washed  earth  has  been  dried,  it  should  be  sifted,  to 
facilitate  ])icking,  into  three  grades,  using  sieves  of  G,  18,  and 
38  meshes  to  the  inch.  The  coarser  material  can  be  assorted 
with  the  unaided  eye,  but  the  finer  grades  will  have  to  be 
selected  under  a  low-power  lens.  A  moistened  camel's-hair 
brush  is  the  best  tool  with  which  to  pick  up  these  smaller 
organisms.  If  the  brush  is  held  in  the  end  of  a  small  vial,  a 
twirl  of  the  fingers  will  readily  remove  the  attached  fossil.''* 

Highly  fossiliferous  shales,  such  as  that  of  the  Demissa 
bed,  may  be  disintegrated  by  dicing  them  well  in  an  oven 
and  then  soaking  in  water  until  they  crumble.  Repeated 
drying  and  soaking  will  reduce  most  of  the  mat;erial  to  clay, 
after  which  the  fine  mud  is  to  be  washed  a wa v.  The  final 
process  consists  of  boiling  the  material  in  a  dish  for  about 
half  an  hour,  fi-e(|uently  changing  the  water,  until  no  more 
mud  appears. 

Washing  tlie  Clay  for  Microscopic  Organisms.  The  fol- 
lowing method  is  recommended  for  obtaining  microscopic 
organisms  from  the  clays  resulting  from  t lie  disintegration 
of  the  shales: 

*'  In  j)rei>aring  most  of  the  samples  of  clay,  we  would  put 
about  one  ounce  of  the  material  and  the  same  amount  of 
conunon  washing  soda  into  a  druggist's  two-cjuart,  clear- 
glass  jjacking  bottle,  not  over  one-fourth  filled  with  water, 
and  1(4  it  remain  twelve  to  twenty-four  iiours,  frequently 
shaking  the  bottle,  so  as  to  thoroughly  break  up  the  clay. 
Now  till  the  bottle  with  water, and  after  twentv-five  minutes 

*  Schuchert,  Bull.  89,  L\  S,  Nut.  Mus.     Part  K.,  p.  20. 
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carefully  i)oiir  off  the  upper  three-fourths  of  it.  Again  fill 
with  water,  and  in  twentj'-five-niinutes  decant  ns  before; 
repeating-  this  at  twenty-five-niinute  int/crvals  until  the 
up[)er  thretvfourths  of  the  water  in  the  bottle,  after  a 
twenty-five-niinute  rest,  will  be  neurlv  clear.  A  large  anioinit 
of  the  fine  sand,  clay,  and  soda  has  by  this  process  been 
washed,  and  the  action  of  the  soda  has  broken  up  the  clay 
and  removed  most  of  the  adhering  material  from  the  fossils. 
Now  mount  a  few  microscopic  slides  from  the  residuary 
sands,  etc.,  at  the  bottom  of  the  bottle,  by  taking  uf)  with 
a  i>ipette  (a  piece  of  small  glass  tubing  makes  the  best 
pipette)  a  small  amount  of  the  material;  scatter  very  thinly 
over  the  middle  of  the  slides;  dry  them  thorouglily  over  an 
alcohol  lamp,  r)r  in  some  better  way,  and,  while  hot,  cover 
the  dry  material  with  a  few  drops  of  (*anada  balsam,  keep- 
ing the  slides  (juite  warm  until  the  balsam  will  be  hard  when 
cold.  As  thes(*  *  trial  slides''  are  seldom  of  anv  value,  it  is 
not  necessai'v  to  use  cover  glasses  if  the  balsam  is  hai-dened 
as  above  directed.  A  careful  examination  of  these  slides 
under  the  microscope,  with  a  good  (piarter-  (u*  half-inch 
objective,  will  decide  as  to  the  value  of  the  material  under 
observation;  and  if  it  proves  to  be  only  sand,  pour  it  all 
out,  wash  the  bottle,  and  again  try  the  sanu»  ])rocess  with 
another  sample  of  clay.  But  if  the  slides  show  n  few  good 
fossils,  the  next  stej)  is  to  separate  them  as  much  as  possible 
from  the  mass  of  sand,  etc.,  with  which  thev  are  associated. 
In  this,  as  in  the  first  washing,  specific  gravity  will  do  most 
of  the  work.  Pour  off  most  of  the  water  and  put  the  shells, 
sand,  etc.,  into  a  four-ounce  beaker  (or  glass  tumbler),  wash 
out  th(»  bottle,  fill  the  beak(»r  about  three-fourths  full  of 
water,  and,  after  it  has  rested  ten  minutes,  ])our  three- 
fourths  off  the  top  through  a,  glass  funnel  into  the  bottle, 
re{)eating  this  five  or  six  times.  As  in  the  first  washing, 
mount  and  examine  a  few  slides  from  the  material  at  the 
bottom  of  the  bottle,  mounting  and  i>reserving  slides,  if 
found  to  be  of  value.  If  nothing  of  value  is  found,  pour  out 
the  contents  of  the  l)ottle  and  fill  up  again  as  before  from 
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the  beaker,  after  five  minutes'  rest,  repeating  tliese  wash- 
ings, and  examinations  at  shorter  resting  intervals,  of,  say, 
three,  two,  and  one  minute,  or  less,  until  nothing  but  the 

coarsest  sand  remains  in  the  beaker Each 

layer  of  clay,  as  deposited  by  its  specific  gravity,  has  now 
been  examined,  and  most  of  the  fossils  are  contained  in  some 
one,  or  possibly  two,  of  them.  Nineteen-twentieths  of  the 
original  sample  of  clay  have  been  washed  away  and  in  the 
selected  one-twentieth  that  remains  there  mav  be  one  fair 
fossil  to  100  grains  of  sand.''  * 

In  the  above  process,  all  glassware,  etc.,  must  be  perfectly 
clean,  and  the  water  used  must  be  fii-st  filtered,  otherwise 
organisms  foreign  to  the  rock  under  investigation  may 
appear.  In  the  final  disintegration  of  the  shale  for  this  pur- 
pose, it  is  w^ell  to  boil  it  for  a  few  minutes  in  a  rather  strong 
solution  of  washing  soda. 

Hardening  of  Fossils.  Some  of  the  more  delicate  fossils 
from  the  shales  require  hardening,  to  preserve  them  perma- 
nently. This  may  be  done  by  warming  the  fossil  and 
then  dipping  it  into  hot  thin  glue,  or  the  fossil  may  be  well 
soaked  in  a  very  thin  solution  of  white  shellac,  and  then  laid 
aside  to  dry.    This  latter  method  is  preferable. 

To  make  Artificial  Casts  from  Natural  Molds.  In  many 
cases  the  fossil  has  been  removed  in  one  way  or  another,  and 
nothing  but  the  mold  remains.  In  such  cases  a  cast  made 
with  gutta-[)ercha  will  often  give  the  surface  features  of  the 
fossil  with  even  greater  detail  than  could  be  seen  on  the  orig- 
inal 8i)ecimen.  A  small  piece  of  gutta-percha  is  to  be  soft- 
ened in  hot  water,  and  pressed  into  the  moistened  mold  with 
the  thumb,  which  must  be  wet,  to  prevent  sticking.  Consid- 
ei'able  i)ressure  is  recjuired,  and  the  squeezed-out  borders 
should  be  folded  in  again,  in  order  to  insure  a  ])erfect  cast. 
*'. Modeling  conqK)8ition for  dental  purposes,  No.  2, medium,'' 
is  often  better  than  gutta-j)ercha.  It  is  Hkewise  made  soft 
by  lieating  in  liot  water. 


♦  Wfxxhvanl  and  Tliomas,  Geol.   of  Minnesota,  Final  Report.    Vol.  III.:   Pt.  I.,  pp.25 
and  26. 
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To  obtain  the  best  results  with  the  fossils  of  the  Stropha 
losiu  and  Nautilus  beds  and  similar  impure  argillaceous  lime- 
stones, the  following  i)r()eess,  devised  by  J.  M.  Clarke,  is 
recommended :  *'  Let  small  fraji^ments  ex])()8ing  fossils  in  sec- 
tion be  placed  in  dilute  muriatic  acid,  until  the  calcareous 
matter  is  removed  to  a  sufficient  depth  from  the  surface  to 
leave  all  imin-essicms  of  fossils  at  the  surface  perfectly  clear. 
The  argillaceous  or  other  impurity  of  the  matrix  left  aft(T 
the  reaction  will  be  exceedingly  soft,  but  retain  the  inipres- 
sions,  whether  external  oi*  internal,  with  excc^eding  delicacy 
of  detail.  The  fragments  may  then  be  carefully  removed 
from  the  acid  and  washed,  by  ])lacing  for  a  moment  in  ])ur(» 
water.  They  should  then  be  thoroughly  dried,  and  after- 
wards har(h?ned,  by  cautiously  soaking  in  a  very  weak  solu- 
tiimof  glue,  care  being  taken  that  this  solution  be  sufficiently 
thin  to  enter  all  the  ornamental  or  structural  cavities  and 
interstices  of  the  impr(»ssions.  After  again  drying,  soft,  clean, 
and  clear  s(]U(H3zes  are  to  be  taken  with  soft  gutta-percha. 
To  preserve  the  hardened  matrix,  such  scpieezes  must  be 
taken  rajndly,  l(»st  the  heat  of  the  gutta-percha  soften  the 
glue  and  cause  adhesion.  If,  however,  the  destruction  of  the 
matrix  is  not  of  moment,  the  gutta-i)ercha  may  be  with- 
drawn at  will,  nnd  the  adhering  dirt  8()ak(Hl  and  washed  off 
at  leisure."  * 

*  14th  Ann.  Rep't,  N.  Y.  State  Geol.,  1894,  p.  100.    Footnote. 


118 


TABLE  D. 


Cr.AHHfFTfATIOX  OF  THE  A.XTMAL  KlXGDOM. 


m:n^KT3f^T)f]fH. 


TITE. 


H.   METAZOA, 


STB-TTPE. 


IX.  Vektebrata, 


VIII.  Pbotochokdata, 


VII.  Arthropoda, 


I  n.   Tra^saia, 


[    L 


Branehiatif, 


VI.    MOLLUSCA, 


V.    MOLLUSCOIDEA. 


IV,  Vermes, 


III.    ECIIINODERMATA,  - 


III.  Echinozoa, 
II.  Asterozoa, 


I.  Pelmatozixi , 


II.    C(ELENTERATA, 
I.    PORIFKRA, 


A.   PROTOZOA, 


CXASB.* 

4.  At<«.. 
ai  Beptilia. 
2l  Amphibia. 
LI.  PlBces. 


\  2l  AraehscMdea. 
f  1.  Myrk^KMla. 


r6.  Cephalopoda. 

&  Pteropoda. 
I  4.  Gastropoda. 

t.  Amphmeura. 

S.  Scaphopoda. 

1.  Pelecypoda. 

S  2.  Brachiopoda. 
)  1.  Bryosoa. 

i  S.  Annelida. 

-.  2.  Gephyrea. 

f  1.  Nemathelmintbes. 

S  2.  Holothuroidea. 
'\  1.  Echinoidea. 

j  2.  Asteroidea. 

1  1. 


j 


Ophiuroidea. 


8.  Crinoidea. 
2.  Blastoidea. 
1.  Cystoidea. 


j  2.  Anthozoa. 
I  1.  Hydrozoa. 


1.  Spongriae. 
1.  Rhizopoda. 


♦  IT ndrr  thi»  CldHs^'H,  only  those  are  given  which  are  preserved  in  a  fossil  state. 


CHAPTER  II. 

descriptions  of  the  genera  and  species  of  invertebrates 

found   in   the   marcelll's,   hamilton,  (jenesee,   and 

naples   reds   of   eighteen   mile   creek   and  the 

lake-shore  region  of  erie  cofnty,  new  york. 

Class  Hydrozoa.    Owen. 

This  class  includes  the  simplest  polyps,  of  which  the  fresh -water 
Hydra  is  an  example.  The  body  consists  of  a  hollow  tube,  the  walls  of 
which  are  composed  of  two  cellular  layers, — ectoderm  and  endoderm. 
with  a  non-cellular  layer,  the  metiogUva,  between  them.  These  layers 
meet  at  the  mouth,  which  is  the  only  opening  into  the  gastric  space 
enclosed  by  the  body  wall.  Tentacles,  furnished  with  nettle-cells,  sur- 
round the  mouth. 

A  few  hydroids  are  simple  forms,  but  the  majority  are  united  into 
colonies,  which  fretjuently  assume  a  branching  or  tree-like  character,  a 
polyp  occupying  the  end  of  each  branch.  Reproduction  is  usually 
carried  on  by  specially  modified  polyps — the  gonopolyps,  which  produce 
jelly-fish  or  meduste.  These  latter  may  remain  attached  to  the  colony 
or  become  free-swimming. 

Some  hydroids  are  entirely  unprotected,  no  hard  structures  being 
developed,  and  these,  consequently,  leave  no  remains.  The  majority  of 
species,  however,  secrete  a  horny  or  chitinous  covering  —  the  periderm, 
which  invests  the  whole  stock,  and  in  one  group  is  expanded,  at  the  ends 
of  the  branches,  into  cups  or  hydrotheaB  into  which  the  polyps  can  with- 
draw. This  chitinous  periderm  may  be  preserved  in  the  form  of  a  carbo- 
naceous film. 

Some  hydroid  colonies  secrete  a  calcareous  covering  which  has  much 
the  aspect  of  coral,  and  is  frequently  classed  as  such  (e.  g.,  Milleponi). 
Most  hydroid  colonies  are  permanently  attached  to  rocks,  seaweeds,  or 
other  objects  of  support. 

NoTK. —  For  a  detailed  account  of  the  structure  of  living  Hydrozoa,  see 
any  advanced  text-book  of  zoOlogy  or  anatomy.  The  fossil  genera  are 
discussed  in  Zittel's  Text-book  of  Palaeontology  (  Eastman's  translation), 
where  an  extensive  bibliography  is  given. 

(}i;.\i  s  I)ICTYO.\E.\rA.    Hall. 

[Ety.  :     Dictyon,  net  ;  nemd,  thread.] 
(Pal.  N.  Y.,  Vol.  IT.,  p.  174.) 

Colony  forming*  u  network  of  anastomosing  branches,  the 
whole  commonly  tiattened  on  the  rock,  but  ori<;inally  form- 
in^afnnnel-  or  fan-shaped  expansion.    The  V)ranche8  proceed 
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from  a  coiiinioiiacutebase,  divide  frequently,  and  lire  at  inter- 
vain  iiiiited  af^ain  by  transverse  dipsepinientH.  The  outer  sur- 
face's of  the  branches  are  striatal ;  the  inner  bearliydrothecte, 
althou^i^h  these  are  seldom  seeu  in  the  flattened  specimens. 

DicTYONKMA  HAMii.TONi^  (?).  Hall.  (Fiff.  1.)  (Cana- 
dian Organic  Remains,  Decade  II.,  ISGIJ,  p.  58,  named  bnt 
not  described.) 

Distinguishing  Characters.*—  Irregularly  branching. 
Branches  freely  anastomosing,  anil  uniting  by  transvei'se 
thindissepinientB.  Fen- 
estrules  irregular,  elon- 
gate, and  greatly  vary- 
ing in  size.  Snrfa<-e 
roughly  striate. 

A  specimen  (Fij;.  1} 
was  taken  from  the 
Idlewood  Cliff,  by  Dr. 
R.  T.  Jackson.  It 
probablv  came  from 
Na?«%l\i^^'i'nT:to^r'^S:i^"S"r.S,  the  Trilobite  beds. 
8t.d,Pai.co..H»™du.i..   CM-Ho.m  <ort^=i.Bi,)  Auotlier  Specimen  WHS 

obtained  fmni  the  first  South  Shore  Cliff,  probably  from  the 
same  beds. 

Class  Anthozoa.    KuitKNUKiiii. 

Tlje  Antbozoa  or  coral  polyps  are  inariue  animals  ranging  from  low 
water  to  300  anti  aometlmcB  even  I, ,500  fatlioms  (Zitlel).  Both  simple 
and  colonial  forms  occur,  the  latter  predominating  at  the  preaeat  time, 
Willie  tlie  former  were  especially  abundtml  in  Paltcozoic  time.  Tlie 
"  Itugosc  corals  "or  Tetracoralla,  are  the  best  represented  among  the 
fossils,  commonly  occurring  as  simple  forms,  though  compound  "heads" 
are  by  no  means  uncommon. 

The  simple  Hugoie  eoraUum  is  well  represented  by  the  little  Streptd- 
amiiii  rertina  (Fig.  2),  common  throughout  the  Hamilton  shales.  It  con- 
sists of  numerous  radiating  itpla,  disposed  In  several  cycles,  and  united 
round  llieir  outer  margins  by  a  wall  or  theca  (jmevdotlieca).  This  is 
formed  by  tlic  lateral  expansion  or  thickening  of  the  sept«  In  that  region. 
Thecxolhceal  prolongations  of  (he  septa  are  visible  on  the  exterior  of  the 
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corallum  as  r/Ma'.  These,  in  the  species  referred  to,  as  well  as  in  others, 
commonly  show  the  peculiar  tetrameral  arrangement  characteristic  of  the 
septa  of  this  group.  On  or  near  the  convex  longitudinal  surface  of  the 
corallum  a  median,  or  "cardinal,"  septum  appears,  from  which  the 
secondary  septa  pass  off  in  a  pinnate  manner.  (Fig.  2a.)  Ninety  degrees 
towards  either  side  occur  the  "alar"  septa.  (Fig.  2b.)  These  are  par- 
allel *  to  the  secondary  septa  which  branch  off  from  the  cardinal  septum. 
They  have  a  single  series  of  secondary  septa  branching  off  from  them  on 
the  side  away  from  the  cardinal  qnadnintH.  The  two  remaining,  or 
counter  qnadrantH,  are  filled  with  parallel  septa,  which  branch  off,  in  a 
pinnate  manner,  from  the  alar  septa,  and  are  completed  in  front  by  the 
counter  aeptum,  to  which  they  are  all  parallel. 

One  of  the  four  "primary  septa" — commonly  the  cardinal  septum  — 
may  be  aborted,  leaving  a  groove  or  fossula.  Between  the  septa  various 
endothecal  tissues  may  be  developed,  such  as  cross-plates,  or  diMttcpiments 
connecting  adjoining  septa;  tabuUf  or  floors,  more  or  less  dividing  off 
the  whole  inner  sf)ace,  irrespective  of  the  septa;  and  cyntn,  which  form 
a  vesicular  tissue  more  or  less  regularly  dispo.sed  (Cystiphyllum).  The 
cup  or  calyx  may  be  limited  below  by  a  continuous  floor,  by  dissepiments, 
or  otherwise,  or  it  may  be  limited  only  by  the  margins  of  the  septa,  the 
spaces  between  the  septa  being  open  to  the  bottom  of  the  corallum.  The 
cosUc  are  commonly  covered  by  a  concentrically  wrinkled  epitheca,  which 
forms  the  outermost  wall  of  the  corallum. 

In  colonial  forms  the  adjacent  corallites  commonly  become  prismatic 
from  crowding.  The  separate  thecie  may  be  retained,  or  they  may 
become  obsolete,  the  (jorallites  becoming  confluent.  The  epithecal  cover- 
ing in  these  forms  is  commonly  confined  to  the  free  margins  of  the  outer 
corallites,  and  surrounds  the  whole  colony  as  a  peritheca. 

Reproduction  takes  place  by  ova  and  by  budding.  In  certain  aberrant 
forms,  e.  g.,  Faronitid(p,  Monticuli]H)tid(r\  etc.,  the  septa  are  obsolete, 
or  nearly  so,  but  tabular  are  well  developed. f 

Note. —  An  account  of  the  structure  of  the  polyp  may  be  obtained  from 
any  text-book  of  zoOlogy.  Zittel's  Text-book  of  I'aheontology  (East- 
man's translation)  should  be  studied  for  this  as  well  as  the  succeeding 
groups.  The  descriptions  of  species  are  still  very  imperfect,  especially 
as  far  as  the  Devonian  species  are  concerned.  The  only  available  work 
treating  of  them  is  the  now  rare  volume  in  the  Paheontology  of  New 
York  series,  entitled  "Illustrations  of  Devonian  Fossils,"  and  even 
this  is  incomplete,  inasmuch  as  it  is  unaccompanied  by  descriptions. 
The  various  sources  from  which  the  following  descriptions  are  drawn 
are  indicated  in  the  references  under  each  species.  The  most  complete 
work  extant  is  that  of  Milne  Edwards  et  Ilaime ;  llinioire  NatureUe  des 
Cf/rallaireti,  J5  volumes,  and  atlas;  Paris,  1857-60.  This  classic  the  student 
will  do  well  to  consult  ;  also  the  '*  Monof/ntp/ne  den  Polypiern  Fomlex  dex 
Terrains  PahFoz<d<iuen,"  by  the  same  authors,  Paris,  1851. 


♦  Parallel  as  seoii  In  th«.»  contd'. 

tAHnotnie  Uexaayralln  occur  in  the  forinatious  treated  of  in  these  i)aj?es,  an  account 
of  their  Htnicture  Ih  omitted. 
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Genus  STREPTELASMA.     Hall. 

[Ety.  :     Stveptos,  twisted;  eUMitui,  lamella.] 
(Pal.,  N.  Y.,  Vol.  I.,, p.  17.) 

Corallurn  simple,  turbinate  and  often  curved.  Septa 
numerous,  those  of  the  earlier  cycles  all  reaching  the  center, 
where  they  are  twisted  into  a  pseudo-columella ;  those  of 
the  last  cycles  short.  Uis8e[)iments  present.  Epitheca  well 
developed. 

Streptelasma  RECTi'M.  Hall.  (Fig.  2.)  (111.  Dev. 
Foss.,  PI.  XIX.) 

Distinguishing  Cliaracters, —  Rather  small  size;  conical 
outline;  rapidly  tapering  toward  the  base;  twisting  of  the 

septa  near  the  center  of  the  calyx, 
and  formation  of  a  solid  axis  or 
pseudo-columella;  slight  development 
of  dissepiments;  height,  3  or  4  cm.; 
diameter  of  calvx,  1  .o  to  2  cm. 

Found  in  the  lower  Moscow  shales 
near  the  head  of  Section  o:  also  in 
the  Demissa  bed  at  Section  5,  and 
in  the  Trilobite  beds  and  the  shales 
below  them  down  to  the  Nautilus  bed,  at  Section  8, 
on  the  Lake  Shore,  and  in  the  bed  of  Avery's  Creek.  It  is 
UHuallv  abundant. 

Streptiolasma     rxorLA.      Hall.      (  Fig.     3.) 
(111.  Dev.  Foss.,  PI.  XIX.) 

Distinguishing  Characters, —  Smaller  size  than 
S.    recta;    less    degree    of   tai)ering;    curved    or 
horn-shaped    outline;    slight  twisting  of   se])ta 
at  the  center. 
Fio.  8.  strept-      Fouiid  \u  thc  lowci"  Moscow  sliules,  between 

elnsma    ungnUt 

(after  Haiu.       Sections  4  and  5. 


FiQ.  2.  streptelasma  rectum 
(after  Hall ).  (a)  cardinal  sep- 
tum ;  (6)  alar  septum. 
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(Jkni:h  ZAPHRENTIS.    IUkinksquk. 

[Etv.  :     Za,  very;   pkrtiitis,  diaphragm.] 
(An,  Des.  Sd.  Pliys.  Brux.,  Vol.  V.,  p.  2S4.) 

Coraliuin  »iin|ile,  coniail  or  turbiimte,  (ir  coiiico-eylin- 
<lricul,  witli  a  (lee|»  chIvx,  and  well-tlt-velopecl  wirta,  the 
prinmrv  oiieH  reiicliinfj;  to  the  center.  Ditihtepiinents  (uiil 
tttbuUe  occur,  tlie  hitter  iiaiially  well  develojKHl.  A  deep 
foHsnIa  iiiarkH  tlie  Hbortioii  of  one  of  the  four  primary 
septii,    CoHtje  and  a  thm  epitheca  occur. 

NoTK. —  It  m  probable  that  Heveral  HjwcicH  of  Zaphiviitm 
Ofcnr  in  the  Hamilton  of  this  i-efjion ;  oiilv  c»ne  is  liciv  f!;iven, 
however,  as  definitely  identified. 

Zai'hhkxtih    himpi.kx.      Hall.      (  Vig. 
(III.  Ifev.  Fo«M.,  I'l.  XXI.) 

DistinffiiinhiiifT  Clmnu-ters. —  Smooth  and 
gently  cui'vlnfr.  if^frnliirly  tajKjrin^  ontline, 
often  abruptly  deflected  at  the  l)aN(i;  septa 
Hcarcely  reaching  the  renter;  tabntiB  atroufi,, 
curvinfj  down  nenr  the  margin ;  diHHepimeiits 
few. 

Fomid  in  the  roral  layer  of  the  lower  .Mos- 
cow shales,  at  Secti<m  ."i;   also  in  the  Kncri-  ' 
iiul  limestone  (?)  on  the  Lake  Shore,  where  i 


<;i:.MS  A.MI'l,i:XIS.      Snwi:Kitv. 

[Etv.:  A„.,,/.:n...,-n,-h<-i]u^.\ 
{MiiK'niU'olicholrihry,  V.il-  I..  |i.   l"-'i.| 

Corulhim  sim|)le.  i-niiiiul.  oi'  (ylin<iri<-al,  with  n  well- 
deveh)|)ed  epHho-ji,  and  a  ciiiiilar,  iiio»lera(ely  deep  calyx. 
Septa  stronj;;,  short,  never  i-cachiiijj;  the  cetiter.  wliicli  is 
occupied  by  Ijorinotitnl  tabula-,  fi-eipiently  bent  d«iwn  at  the 
periphery.    A  \vell-develo|H'd  fossula  is  ]ircsciil. 

This  fjeuns  diffn-s  IVinn  Zaphrciitis  mainly  in  tin-  sinootli 
central  ai-ea  of  the  cnly.x.  which  is  fnr-iiicd  by  the  tabuheiii 
the  absence  of  the  ne])ra. 


124 


Ampi.kxiw    ha.mii.t(ini.i:.     Hull. 

(Fig.    r,.)     (III.    I)ev.    Fosfi..     PI. 

XIX.) 

Disthif'  uisbingChanu-tetv. — i;i  <  m  - 

'  gated  fvliiidi'ical,  gentlv  tajifHiitJC 

form,  often  iibniptly  lifiit  at  tlie 

bnse;  utrongly  wrinkled  epitheca; 

iiparatively  Hlight  development 

»  of   wept  a  :     well-developed    talmije, 

lit  d(»wn  near  the  thin  wall. 
'■       Found  frequently  in  the  Moscow 
whale,  three  to  five  feet   above  its 
base,  between  Sectionw  4  and  5,  and  at  Morse  Creek. 

AMHLKXL'B  (?)  [XTKHMITTKXH."     Hall.     (Fig.  G.)    (111.  Dev. 
Fo88.,  PI.  XXXII.,  Figs.  H-13.) 

JHHtinguifib'mg Characters. —  ^maW  size;  irreg- 
ular form,  varying  from  cylindriea!,  with  snd- 
tlen  expansions,  to  regularly  conical  outline; 
well-dev'eloped  septa,  which  reach  to  the  center, 
and  fi-eqneTitly  unite  before  reaching  it. 

Foun<l  in  the  lower  Moscow  shale,  between 
Sections  4  and  5.     It  ia  comparatively  rare. 


(«r  Hall). 


Gexiw  HELIOPHVLLUM.    Hai.i.. 

[Ety.;   IkluHi.  8un  ;  phylU,n.  leaf.] 
(  Dsiurs  Zoiipbytcs,  1848,  p.  .tse.) 

Simple  or  compound,  the  individuals  coiiicai,  or  turbinate, 
with  shallow  calyx,  and  surrounded  by  a  thin  epitheea. 
Seiita  alternating  in  length,  the  longer  extending  to  the 
center,  all  KU])plied  with  supporting  lamella",  Avhich  curve 
from  the  ])eripherv  upwartls  and  inwanls.  Mi  as  to  describe 
a  convex  upward-curve,  and  apj>ear  in  the  calyx  as  cross- 
bars or  carina". 

HEi.iornvi.Li:.\i  n.M.i.i:  Iv  an<l  H.  (Fig.  7.)  (III.  Dev. 
Foss.,  Pl.XXIll.) 
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Diatnigimhint;  Cliiiruitfnt. —  8implf 
cornlliini;  cylindi-icii-foiiirtil  oi-  tuilji- 
natf  ()iitlin«  witli  iii<«lerMtc  curvature 
at  tlie  ba-Hi':  circniiir  mid  iiioilerQti'h 
profound  chIvx;  Hniall  fi>8»tilii;  well 
pronoiiiK-ed^but  ratiici-  Hiiiall,  c-arinit 
Btronsly  wriiiklfHi  epithwu. 

Fiiiiiid  aljundmitiy  in  tlie  foral 
layer  of  th«  lower  Momcow  sliuleH,  nt 
Sections  o  to  7,  tuid  on  the  Lako 
Shore;  nlso  in  tiielfemissa  Itedof  Sw^t- 
ion  5  (one 


12« 


Hdli.     (Fig.  S.)     (II 


Dev. 


HEUOI'Hyi.l.I'M     COXFLII 
Fobs.  CnraR,  PI.  XXVI.  I 

Distiaguishiiig  Cirtrrtt-ferw.— (.'oinjioiiiid  oi-  t-onfiiieiit 
growth,  often  fonning  lienilu  of  cdUMidenible  »ize:  Btrongly 
wrinkled  ptrithecti  surrounding  the  coloDy,  and  the  fi-ee 
parts  of  individual  corallites  wherp  separiited;  tuodiTntely 
deep  caiiL'eM;  well-dfvelo[K?d  curinnted  septii. 

Found  only  in  the  Kncrinal  limestone,  on  tin-  I,akc  Shore, 
(Also  at  Morne Creek.)     It  in  i-ni-e. 


Gkms  CYSTIPHYLLl'.M.    Lom.si>a!.i.:. 

[Ett.:     KuftU.  tiivily;  phi/U»n.  leaf] 
(Miircli.  Bil.  Syst..  p.  681.  1839.) 
.■^iiiililc  (■ornila,  varying  in  outline  Frijni   depressed 
cylindriod;   often  invgular  in  growth.    Septa 
iMnlinientary    nnd    fivi]uently    obeolett.    the 
HiKir  of  the  calyx  lifing  formed  by  the  upper 
portion    of     Hie    venifulate    filling.      Eiitiit? 
interior    of    eornllnni     tilled    with    vesit-nlnr 
tissue,  disposed  in  more  or  le»s  i-cgular  series, 
and   presenting  in   section  a  rougli   tiHbuIate 
api>earance.     An  epitheca   is   present.     Fre- 
quent   eoiiHtrictioiiB   occur  in    some  forms, 
indicating  [H."i'iodic  rejuvenation. 

('YSTii'UYLi.rM  foNll'oi.i.is.  Hall.  ( Fig.  9. ) 
( I'al.  N.  Y.Ill.  Dev.  Foss..  PI.  XXX.,  Figs.  3-9.  | 
Distiugimliiug  Cbaraoters. — Slender  cyliii- 
dricnl  form;  irregular,  intermittent  growth; 
coarse  wrinkled  epitheca:  moderate-sized 
cysts  arranned  in  u  cup-like  manner;  rather 
shallow  caly-v  with  simulation  of  septa  by 
the  radial  arrangement  of  the  cysts. 

Found  in  the  corai  layer  of  the  lower  Moscow  shales,  at 
Sections  H,  0,  7;  also  on  tlie  Lake  Shore.  Occnsitinally  it 
occurs  in  the  Itennssn.  bed. 

CVSTIPHVI.LISI    AMRRK'.WLM.      E.  Utld  H.     (Fig.  10.)      (Pol. 

Fobs.  d.  Terr.  Pal.,  p.  4(j4,) 


i^lilirt!^. 


(arior  H>m. 
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Ditstingukliiii^-  Char- 
a,ct«rs. —  Eloiijiati'd,  cyl- 
i  II  (1 1- i  f  o  ■  t  u  r  b !  n  a  t  e , 
utraight  or  8li[i:litlv 
ciirv-fil  form;  tliiii.  bill 
Btroiiglv  wrinkled,  ejii- 
thecn;  iiiniicrnte  depth 
of  eiUyx,  witii  [iiiiit  iii- 
dication»  of  neptal  i-idfi^s 
about  itH  siili'B ;  iri-egulur 
vefiiciilar  tissue,  denw 
near  the  wall,  coarser 
near  the  triiicr. 

Found    ill     lilt 
Iftyer  tiiid  iibovc  it  iti  llic 
lower  Moscow  mJihIw,  iit 
Sttlioii  ."». 

(.!vSTIl-IIYI.!.r.M       VAKI- 

ANS.  HfdI.  {FiK.  lOA.) 
(111. I)ev.I-'o8«.,iil. XXIX., 
1876.) 

Dintuiguinlihig  Cliiiniv- 
tem. —  Irrej^ular  cylindri- 
cal or  conical  form,  vary 
ing  greatly;  coarHe, 
wrinkled  ejiitheca,  which,  near  the  base,  is 
ofu-n  produced  into  irregular  projections 
which  serve  to  cement  the  cornl  to  a  shell 
or  other  fort'i^rn  object;  moderately  deep 
fnnnel-'sliiijieil  calyx,  its  floor  formed  by 
the  ujiper  anrtaces  of  the  cysts,  septa  in 
the  form  of  nidititin^  ndjijes.  Interior 
etnietnre  eellulcise,  thfcyat^  of  moderate 
size  ami  (in-aiif^d  in  cnp-in-cup  manner. 

Found  in  the  Hamilton  group  of  Eigh- 
teen Mile  Creek,  ((.'oil.  Am.  Mus.  Nat. 
Hist.  New  York.) 


loA.   (■».(.>/.«;)«.« 
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(Jems  CYATHOPHYLLUM.    Golukiss, 

[Etv.  :  Kviil/um,  cup;  pliyWm,  leaf  (aepluni).] 
(^)raUum  simple  or  compound;  the  individuals  coiiic^al, 
Loiiico-cyliiidrical,  or  prismatic  and  closely  crowded,  forming 
astrjei-form  heads.  Septa  well  developed,  radially  arranged, 
the  larger  extending  to  the  center,  where  they  ai-e  twisted 
into  a  pseud o-cohimella,  Costa;  absent.  Tabiilfe  present, 
but  only  in  the  center  of  the  visceral  chamber,  the  outer  ai-ea 
_  being   filled   with   vesicular  dissepiments.     Ex- 

terior covered  with  an  epitlieca.     Asexual   re- 
^^   production  by  calicinal  or  lateral  gemmation. 

CVATHOl'HYLI.UM       t'ONATIM.        Hall.        (  Fig. 

lOB.)    (III.  Dev.  F088.,  PI.  XXXr.,  187(;.) 

Distingniabing  Clmracteiv. —  Irregular,  cylin- 
drical or  conico-cylindrical  growth,  often  vari- 
ously bent;  frequent  constrictions,  leaving  the 
septate  rim  of  the  older  calice  projecting  around 
the    base   of   the   newer  one;    well    develojted 
alternating,  radiating  septa;    rather  smoothly 
.  wrinkled  epitheca;    numerous  closely  ciow<lfd 
1  iiTeguIar  tabula'  beadingdownat  the  )>eripliery  ; 
-  -  ---^1  Bp«ji-  well  developed  dinsepimente  in  peripliei-al  zone. 

Found  in  the  Hamilton  grou[i  of  Eighteen 
Mile  f'l-eek.    (Coll.  Am.  Mus.  Nat.  Hist.  New  York.) 


Gkm  s  HADROPHYLLUM.    E.  am.  H. 

[Ett.  :  Uitdroi.  mighty;  phyllon,  leaf  (septum).] 
(Brit.  Foss,  Conils,  p.  Ixvii.,  IS.W,) 
Convlhini  simide, short, cxishion-Kliaped,  with  thelowei- part 
covered  by  an  epithei-a.  Calyx  supei'ficial,  with  tin-ee  weptal 
fossuhp,that  of  the  cardinal  septum  being  the  largest.  Se|ita 
stout,  nnmenius.  ajipi'nacJitng  radial  arriingemcnt  wliicli  is 
however  imiK'i-foct.     Tabnliv  and  disse|iimeutw  wanting. 

llADiiOl'MVI-I-IAE     WO(»rU.        Sp.    TIOV.*        (  I'lg-    IOC.)        (CoUi- 

piwv  Ainjilrxii^  {'.')  iiitiTiiiitti-ns.) 

•Nhiii.iI  in  Jieiiiorur  HirtS  Klviru  WihvI.  IriHiruclOT  In  rnlnotitolofiy.  SIbse.  \aiX.  Tn-li- 


Fm.  IOC.  Hadro- 
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Distinguishing  Chfirnrters,—Cora\him  small, 
turbinate,  regularly  expanding  from  the  base. 
Calyx  superficial,  Hub-circular.  Cardinal  septum 
aborted,  forming  the  main  fossula,  which  is 
very  broad.  The  two  septa  bounding  the  car- 
dinal septum  reach  the  center,  and  the  remain- 
ing sei)ta  of  the  cardinal  quadrants  unite  with 
these.  Alar  septa  reach  center.  Lateral  fossu-  pVyiium  ^SSdT 
te  not  formed  by  the  al)ortion  of  sei)ta,  but  by  Morse  creek  :  nat- 

.  -^  f^l  1     •     +r      ural8ize.(Orljnnal.) 

the  union,  among  themselves,  of  the  septa  m  the 
counter  (luadrants,  and  their  separation  from  the  alar  septa. 
Counter  septum  not  reaching  the  center.    A  pseudo-columella 
is  formed  by  the  junction  of  the  longer  septa  in  the  center. 

Found  in  the  lower  Moscow  shale  at  Eighteen  Mile  and 
Morse  cn^eks  (rare). 

Gem  s  CKASPEDOPHYLLUM.    Dybowsky. 

[Ety.  :  KranjtedoH,  an  edge;  phyUon,  leaf.] 
(Beschr.,  von  neiien  Devonischen  Arten  der  Zoantharia  Rugosa,  p.  153.) 

Corallum  simple  or  fawciculate;  corallites  commonly 
cylindrical,  each  with  a  in()derately-d(>ep  (^alyx  and  well- 
developed  epitheca.  A  seitondary  central  wall  is  present, 
which  is  not  crossed  by  the  septa,  the  longer  of  which  join 
it  to  the  outer  wall.  Inner  area  with  tabuhe,  outer  with 
dissepiments.    Fpper  edges  of  septa  carinate. 

CRASPEDOPHYLLrM  ARc^HiACi.  BilHugs.  (Not  figured.) 
{Diphypliylluni  archinci.  Killings.  Canadian  Journjd,Vol.V.^ 
p.  260,  Fig.  8.) 

Distinguishing  Characters.— Hends  consisting  of  parallel 
nearly  straight  cylindrical  ('oralliti^s,  nearly  or  quite  in  con- 
tact with  each  other;  young  stems  added  by  lateral  or 
marginal  g(»inmation;  central  tub(»  small,  apparently  want- 
ing in  some  corallites;  dissepiments  numerous;  epitheca 
showing  numerous  lines  of  growth,  and  sharp-<^dged  annula- 

tions.    Some  corallites  exhibit  sudden  constrictions  of  growth. 

Found  in  the  Hamilton  group  (Encrinal  limestone?)  on 

the  shore  of  Lake  Erie.    (Coll.  Am.  Mus.  Nat.  Hist.  New  York. ) 


CRASPKrHjPHYixrM  HUUf.JCSi'iTOHLM.  (Nicholsoii.)  (Fig. 
11. )  {ffeliopbyHum  subciTspitosam.  Xidioleoii.  Geolog;ical 
.Magazine,  Lontlim,  Dif.  II..  Vol  I.,  1874,  p.  58,  PI.  IV., 
Fi;;  9.) 

Distittguishing  Charac- 
tfrs  — Cylindrk'al  corallites, 
«  IikIi  eoinetimes  Blightl.v 
expjiiid  tdwardfi  thecalyx; 
simple  or  t-ompound  form, 
the  hitter  consistiug  of  two 
(11  thi'ee  buds  around  the 
pment  corallite:  parallel 
joHitiou  of  corallites;  wrin- 
IvImI  epitheca :  secondary 
wall  and  carin*e, 
J'ouiid    in    the   Encrinal 


Crmpedophyllum  tubartpilmum 


Ji»lle  Creek:  (6)  t, 

■Dchn.  Hniw  Creek.    8tu±  Pol.  Coll.  Harv. 
nlv..  Cat.  iM.    (Original.) 


also  at  Moiw  Cieek. 


Geni-b  FAVOSITES.     Lamakk. 

[Ety.  ;  Fopuj,  houeyooiiili.] 
( IIFst.  doB  Ad.  sans  Verl..  Tome  11.,  p.  204.) 
Ckirallum    massive,    moi-e    rarely    branchinj^,    eonimonly 
fonning  heads  which  may  be  a  foot  or  more  in  diameter, 
('ornllites  prismatic,  thin,  united  by  their 
walls,  which  are  ])erforat<Ki  by  tipii-distant 
pores.      Heitta    nidinientai-y    or  obsolete. 
Numerous   moiv   or    lesc   refriiUir   tnbnlw 
divide   the  hitratheial   space.     I'eritheca 
pi-esent. 

Favositks    AUors.      Hall .     ( Fig.     12. ) 
(111.  Dev.  F0SB..FI.  XXXIV.) 
Distingiiiabing  Chit  riieteiif. — Hem  ispherie, 
yriform,  or  sub-globular  toinii ;  two  sizes 
..  of  cell  apertures,  the  hii-ger  circular  and 
»^in?«n'"°tti.d''  "uSfS^  with  prominent  ci'euulated  rims  or  peri- 

inmit  of  ■_ pon™  nf  tie      . ., ,,. „.i..,. 


MirlBve  C^ler  Hull 


(itomes,  tlie  sinnllfr  lingular. 
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Founfl  in  the  DeniiuBa  bed  (?).  iit  Eightwii 
Mile  ('reek. 

PAVOeiTfCS   HAMILTONI-E.     Hall.    (Fig.  13.) 
(111.  Dev.  Fobs.,  PI.  XXXIV.) 

Distiagukhing  Charanters. —  HetiiiBphericnl 
heads,  often  of  large  size;  the  base  covei-eil 
by  jjeritheca:  slendt^r  cornilitcH;  soiiiewhiit 
diHtont  niuriil  poren,  in  twi.i  rf>w8;  rntln'r 
closely  crowded  tiibuliK,  some  of  which  are  ^  ..^ 
horizontnl,  others  bent  down  at  the  Hiiglea.      |JI''^tar5^^^toXl 

Found  in  the  Encriiial  limestone,  at  Sec-  m^'^SlS'^  ^S^ 
tion  5,  and  the  Lake  Shore;  alt^o  at  Morw  p°™ i""^ «»"'■ 
Ci-eekjat  which  nliue  heads,  afoot  or  more  in  diameter,  occur. 


Oeni-h  PLEURODIf^TYUM.    aoLiiFUHw. 

[Etv.  ;  Plrvra.  Bide  ;  'lieti/<m.  net.] 
(Petref.  Germ..  Vol,  1..  p.  21».) 
rorailum  deprcRsed,  discoidal,  lower  Rui-faet'  covered  b v  a 
eoncentrically  wrinkled  perithecn.  Corallites  Hnmll,  pris- 
matic, fimuel-Hhtiped  below;  eeptfi  faint  or  obsolete,  a  scanty 
development  of  tabnlre  occurnnK:  mural  puren  irifgnlarly 
distribut^ed. 

PLKuitoniCTVLM    sTYLoroKA.     (Eatou.)    (Fi^',    14,1     III. 
Dev.  Fobs.,  PI.  XVIII.) 
Distinguishiiifjc  CharRctem. — Flat  Imntr, 
[  covered  by  peritheca;  faint  eeptn:  cren- 
f  nlated  margins  of  calieeB ;  irregular  con- 
I  vex  or  concave  tabula-;  diameter  one  to      p^  „    piemodUitYim 
I  two  inches.  .w.,™  i..„r  h.i„. 

Kovmd  in  the  Pleurodictyum  beds  of  Aver}*'B  Ravine  and 
I  the  Lake  Shore  (usually  nhnndniit). 


C!k.\cs  AIILOPORA.    Goi.nFLss. 

(Etv.  ;  Anion,  pipe  ;  jmroii,  pun:] 
(GoliH.  Petrefact  Oerra..  p,  83,} 
Coriilluin   prostrate,  the   eornIlit<?B    adherint;    to    ioreit^ii 
f  bodies  bv  the  whole  of  the  lower  Burfuce.    CornllitfH  slfuder, 
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joined, the  c 
one  from  ' 


Fro.  15.  Aulopora  lei-peiu.. 
Attached  umlienol  A  thurin 
tpiriferoiritt.  From  Sec- 
tion  B,  EJichWeD  Mile  Civek. 


lectloD,  Harvard  Ui 
Cac.  3X.    (Oriidniil. 


ity  of  each  (.■oiiirauiiicating  with  that  of  the 
hk'h  it  springs;  septa  rudimentary  or  ahfifiit; 
tabultt*  curved. 

AlTLOI'ORA  SKRI'K.VH.  Goldf.  ( Flf;-. 
15.)  (PetrefaL-t.  Germanise,  p.  8:i,  I'l. 
XXIX.) 

Distinguinbing   Characters.  —  Building 
somewhat   l>eh>w    the   caHces;     one  or 
two    buds   from    eacli   corallite;    anas- 
toinosinp  of  coralhtes,  forming  enclosed 
meshes    of    various    sizes    and     forms. 
Found  on  brachiopods  in  the  Demissa 
be<l,  at  i^tion  5,  and  in  tlie  Athyris  bed,  at  Section  7  (rare). 
Ari-opoitA    ti;b^:fcu(mis.    ({oldf, 
(Fig.  IB.)    (Petrefact.  Germ.,  p.83, 
PI.  XXIX.) 

Distinguishiug  Characters. — 
Large  curved  corallit^'s,  which  aie 
enlarged  at  the  mouth,  budding 
from  near  center  of  ])receding  eor- 
rallite;  no  intergrowth  of  coral- 
pieurodictyum ■  bea.  at  Averys  lites,    but    Occasionally    a    lateral 

Creek.      Utudent     FBlffionliilosicBl  .  i        ...l  .^  ...- 

Coikction.HarvardUniverBity.  Cat.   uuion  occurs   by  the  erect  portion 
of  the  walls. 
Foiuul  in  Avery 'b  Ravine,  four  feet  below  the  Trilobite 
liedft,  on  bracliiopod  shells  (rai'e). 

Gkncs  CERATOPORA.    Giiahai-. 

[Etv,  ;  Ceriu,  liorn  ;  poron,  pore.] 

CBWt:     Proc.  Boat.  Soc.  Nat.  History.  Vol.  XXVIII,  No.  Hi.) 

Coralluin   compound,  increasing  by   lateral    gemnmtion; 

erect  or  prOKtrate.  but  never  attached  above  the  base;  -septa 

absent,  or  i-epreHented  mei-elyby  ^■el■tical  ridges  or  costee  seen 

on  the  outside  of  the  corallnm.    Calyx  deep,  funnel-shaped, 

thiu-walle<l,    uml     continue<l    downwards    in    a    narrower 

tube,  formed   by  the  thickening  of  the  walls,  through   the 

addition,  intemallv,  of  concentric  layers  of  sclerenchvma. 


"ilwtSa 


tiiara  or  trabeculie.  x 
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and  throiigli  the  foi-matioii  of  coai-se  cystB.  No  true  tnbulie 
are  known;  the  polypites  in  some  of  theapecies  apparently 
remained  connected  throughout  the  life  of  the  colony, 
while  in  others  the  cavities  of  the  (^orallites  are  separated 
by  a  spicular  partition.  Surface  formed  by  a  wrinkled 
epitheca. 

Ceratopora  JACK80NI.  Grabau.  (Fig.  17.)  (1899:  Proc. 
Boston  Hoc.  Nat.  History,  Vol.  XXVIII,  p.  415,  Pla.  I.,  II.) 

Distinguishing  Characters. — Erect,  in-egular,  and  fre- 
quently-branching; eoralUini;  cylindrical  or  trumpet-shaped 
coralhtes;  coarsely  wrinkled  epitheca  with  costal  ridges; 
coai-se,  irregular  internal  cysts,  arranged  semi-concentrie- 
ally,  with  frequent  projecting  spine-like  pi'0(«sses. 


fniiii  iK'lon.  HJiimLnK  till-  i-)iarncteriKlU:  iiimto  of  bnitiuUliiK - »niiiral  »izi' ;  i/) longi- 
i1  UFi'ilini  (if  tliu  iinaiinilH-tii  luirtluii  <il  a  unrallilc.  Hhuwiiic  I]i<-  liTinir  chamber  uid 
rHl^,  X  S ;  1 1)1  irniisv.-rw'  -oK'ttiiii  i>r  iirwiiniliFiit  (iiW.  hIiuwIiik  I'l'iiinil  cavliy,  cysta. 
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Found  in  the  Deniissa  bed,  at  Section  5,  Eighteen  Mile 
Creek  (common).  It  is  often  overgrown  with  bryozoa. 
Also  found  at  Morse  Creek.  This  species  is  readily  recog- 
nized by  its  cylindrical  corallites,  numerous  irregular 
branches  and  coarse  cysts,  which  are  well  shown  in  cross- 
section. 

Ceratopora  dichotoma.  Grabau.  (Fig.  18.)  (1899: 
Proc.  Bost.  Soc.  Nat.  History,  Vol.  XXVIII.,  p.  418,  Pis. 
II.  to  IV.) 

Distinguishing Chnracters.—  Yve^  prostrate  habitat;  lower 
flattened,  and  upper  convex  or  sloping  and  carinated  sur- 
faces; abruptly  upturned  calices;  regular  dichotomous 
branching,  with  branches  diverging  at  right  angles;  tri- 
angular cross-section  of  nmin  tube;  circular  cross-section  of 
calyx ;  large  inner  cavity  lined  with  moderate-sized  cysts  and 
trabecuUe;  wrinkled  epitheca. 

Found  in  the  lower  Moscow  shales,  thi-ee  to  five  feet  above 
the  Encrinal  limestone ;  also  in  the  Demissa  bed,  at  Section 
5;  and  in  the  Lower  shales,  seven  feet  below  the  Encrinal 
limestone,  at  Section  0;  and  between  nine  and  tw^enty-one 
fet»t  l)elow  that  bed,  at  Section  7. 

This  species  is  readily  recognized  by  its  regular  branches, 
its  flattened  lower  surface,  triangular  cross-section,  upturned, 
round  calyx,  and  central  carination.  The  specimens  vary 
gi-eatly  in  size,  those  of  the  Demissa  bed  being  the  largest. 
Thev  nre  usuallv  found  with  the  calices  embedded  in  the 
slialo.  tlie  Hat  fat-e  alone  being  exposed. 

Gknus  TRACHYPORA.    E.  ani.  H. 

[Ety.  :     TrachyM,  rough;  poros,  pore.] 
(18.j1:   Edwards  and  Ilainie,  Pol.  Foss.,  d.  Terr.  Pal.,  p.  305.) 

rornlhini  dendroid,  with  cvlindrical  stems.  The  corallites 
nre  polygonal,  with  very  thick  walls,  the  calices  being 
rounded  and  superficially  far  apart.  Mural  pores  few,  irreg- 
ularly distributed:  se))ta  represented  by  rows  of  spines; 
tabula*  |)resent  at  remote  intervals. 


ro]  sLze,  and  a  port  ion  i 
Uloes  (after  Hall), 


Tit  AC.HYPOIIA     1. 1  M  I!  A  T  A  . 

(Eaton.)  (Fig.  1!>.)  (It!. 
Dev.  F088.,  PI.  XXX  in. 
Striatopora  Hmbata. ) 

Distingukhinf!  Charac- 
^frs.— Rather  in-egiilai-l.v 
(lisjioafd  oval  calice«;  mod- 
eratel.v  strong  jieriBtonies, 
with  radiating  ridges  ruii- 
iiiiig  out  upon  the  thickened 
walls:  corallites  abruptly 
bent  outwards. 

Found  on  the  "  ... 
fouth  Shore  of  Lake  Erie, 
near  Eighteen  Jlile  Creek." 
(Eaton,  Geol.  Text-book,  p. 
30.)  Common  at  Morse 
Creek. 


Gicxtie  MONOTRYPA.     Nicholsox. 

[  Etv.  :     Mmum,  one  ;  trff/yi,  liolc] 
(18TB  :    Sicholwm,  Tabulate  Cors)8  of  tlie  Paleozoic  Period,  p.  283.) 

Corallum  composed  of  long,  slender,  prismatic  eorallites, 
which  are  of  two  kinds,  not  consjHeuously  different  from  each 
other.  The  large  tubes  are  aggregated  into  clusters  or 
"monticules,"'  and  very  slightly  differ  in  size  from  the 
smaller  ones.  The  smaller  tul>e8  ot-cupy  all  the  spaces  be- 
tween the  monticules.  All  the  eorallites  of  both  kinds  are 
thin-walled,  regularly  polygonal,  anil  similarly  tabulate, 
the  tabulfe  being  remote  an<l  few  in  number,  and  not 
uncommonly  disposed  at  con-esponding  levels  in  contig- 
uous tul»es. 

MoNOTHvi'A  FiM'TicDSA.  (Hall.)  ( Fig.  20.)  {Cluftetes 
^uf/mvws.     Hall.     111.  Dev.  Fobs.,  PI.  XXXVIII.) 

Distinguisliiiif!  Cliarai'ters.—  Tuhes  passing  ujiwards  and 
gently  bending  outwards  from  a  central  imaginary  axis; 
numerous  small,  low,  monticul        ottered  over  the  surface 
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of  the  bivrndies;  cnlioes  of  monticules  larger  than  tliose  on 
reniainiler  of  brunches ;  tab- 
ulae remote,  except  neiii  the 
sui-face.  where  they  are  nu 
merouH, 

Founil  ill  till'  MosLow 
shale,  three  to  fi\  e  feet 
above  the  Enerinal  iniie- 
stone,  at  Section  ">,  also  in 
the  Deinissn  bed  of  Section 
Ti:  between  ten  and  hfteen 
feet  lieiow  the  Enerinal  lime- 
stone, at  Sei'tioii  7,  and  in 

the  Pleni-odictyuni   beiln  of  ,/Z  ^iu^Z^'.To.i^'-iZ 
.  1     /.       1    /      -.1  1     Mlariced  (after  Hftllj. 

Avery  s  (.reek  (rather  rai-e). 

iloxoTKYi'A  (?)  rt'HCATA.  (Hall.)  (Fig.  21.)  (Chii-tetfs 
fiin-atiis.  Hall.  III.  Dev.  Fosb.,  Pis.  XXXVIl.  and 
XXXVIll.) 

Vistiiigiii.i/iiiigCluirarters. — Branch- 
ing form  similar  to  the  preceding, 
fiom  which  it  differs  chiefly  in  the 
absence  of  the  monticules,  and  in  the 
tra nsversely-ridg-efl  api>earance  of  the 
corallites.  (On  a  number  of  sjieci- 
menw,  aiijiarently  of  this  species, 
siiines  or  acanthopores  occnr  at  the 
angle    of   junction    of   the  corallites, 

feature   whicli   would   demand  the     vm.  ai.   Monoirm,  (/t/ur- 


mill.  AHpwImenof  tWnatural 

■    sizi-,   and    s    portioii   iir    lbs 

-  -'-      eHlarned  tatter  HalO. 


i-emovii!  of  the  s|»ecies  to  unotlie 
genus.  See  riricli,  I'aleoKoic  liryoKot 
Palseontology of  Illinois,  Vol.  VHL,  Part  II.. Sectiouti,18!IO.) 
Founil  in  tlie  Demissa  lied,  at  Section  5,  and  two  to  tour 
feet  below  tlie  Trilobite  l)ed«.  at  Avery's  Ci'eek. 

MO.VOTIIYI'A    AMI'I.KI'TKNS.      sp.  llOV.      (Fig.  '22,} 

Distinguishing  Charnvtiirs. —  Encrusting  habit;  uniform, 
rather  large,an(l  regularlydistribiitA'd  monticules,  the  calices 
of  which  are  larger  than  those  i>f  the  nmin  mass ;  small,  new 


-*<iiliiU 


Fm,  IB.  Mimiilryua  amvln-lrn'.  uO  Bbell  ot  3, 
tubaformin  Mtauhwflo  [t.  Uw  whole  ovFrRrown  with 
Ot  tbe  Aulopom  aiipear  like  cr&teni  Above  tbn  aurfacs 
■lie ;  (M  B  portlCQ  of  Uh  surface  enUrEwl.  shon-lne  th 
X  H :  fc)  a  poKlDO  mucb  enlargeil,  ahannng  a  hiirleif  lin 
Autopom  enWi^.  showing  the  relatEoit  of  the  Uonot 
Ing  ipwImetiK  enrtosltiK  a  tiranfh  of  Cunitoiiora.  altWH 


uf  tbu  MonoErypa  ci 

IbtBW  conillHes  ot  tbem 

Dch  of  ine  AuloiMra  ;  (d)  a  caln  Of 
■ypu  to  it,  X  S  ;  tf./isfctloiiB  sbow- 
umlng  tahiiLw,  It  .■!.    lOrlninalo 
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individualH  appear  between  the  larger  coralliteH  of  the  mon- 
ticules, occasionally  between  those  of  the  intersptices.  ('or- 
allites  with  fine  transverse  striHB ;  walls  of  uniform  thickness 
throughout;  tabula?  at  irregular  intervals,  remote  in  older 
parts  of  tube,  more  closely  set  in  outer  portions. 

This  coral  is  almost  always  found  encrusting  Aulopora 
tubueforrnis,  which  in  turn  grows  on  shells  of  Spirifer  gran- 
ulosus. These  shells  when  full-grown  apparently  became 
free,  and  rolling  over,  so  as  to  lie  on  the  pedicle  valve,  allowed 
the  growth  of  the  Aulopora  on  the  upturned  brachial  valve 
— particularly  on  the  mesial  fold.  No  shell  with  the  coral  on 
the  pedicle  valve  ha«  been  observed.  All  the  specimens 
obtained  showed  the  Monotrypa  growing  on  the  Aulopora 
in  various  stages  of  development.  The  specimen  (Fig.  22a) 
shows  the  most  advanced  stage,  where  the  Monotrypa  has 
completely  enveloped  the  Aulopora,  as  well  as  the  greater 
portion  of  the  shell.  It  has  forced  the  Aulopora  to  depart 
from  its  normal  method  of  growth  (compare  Fig.  16),  which 
is  prostrate,  and  bend  upward,  at  right  angles,  its  calices 
appearing  on  the  surface,  like  a  series  of  crater-like  rims, 
rising  above  the  monticules  of  the  Monotrypa.  The  two 
ty[)es  probably  lived  together  as  eommensals,  judging  from 
the  constant  association,  although  in  ])hu'(»s  the  Aulo])ora 
l)ecomes  completely  overgrown  by  the  Monotrypa.  This 
may  indicate  a  choking  of  the  former  by  the  latter,  or  it  may 
mean  burial  aft(T  death.  In  s(»v(?rai  parts  of  the  s))ecimen 
(Fig.  22a)  the  (^ncrusting  corals  near  the  front  have  grown 
beyond  th(»  edge  of  tin*  sh(?li,  and  there  assumed  the  cylin- 
drical outline  of  thecoionv,  similar  to  tiiat  of  J/,  fruticosa. 

Found  in  the  middle  and  up])er  Pi(Mn'odictyuni  beds  of 
Averv's  (Yeek  and  Wanakali  (Miff;  also  in  tli(^  Calcareous 
bed,  above  the  Plenrodictynni  bed,  at  Avery's  ('reek. 

Cl.ASS     (/RINOIDKA.       MlI.LKK. 

Tlie  crin()i<ls,  or  sea-lilies,  jire  marine  iiiv('rtel)rat<*s,  represented  in  the 
modern  seas  by  a  number  of  genera  and  species,  wliicli  range  from  shal- 
low water  to  a  maximum  de|)th  of  about  3,000  fathoms.  They  are 
gregarious  in  habit,  and  usually  of  very  local  distribution.      A  typical 
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crinoid  consists  of  a  dorsal  cup  or  calyx,  placed  upon  a  stalk,  by  means  of 
which  it  is  attached,  and  bears  a  fringe  of  ainm,  variously  divided  and 
furnished  with  jointed  appendages  or  jnnnnles.  The  calyx  is  composed 
of  a  number  of  plates,  which  have  a  definite  arrangement,  in  horizontally 
disposed  series  (Fig.  25).  The  lowest  of  these  are  the  basah,  though  in 
many  forms  an  additional  series,  the  infrabasnU,  may  underlie  and  alter- 
nate with  the  basals.  Next  above  the  basals,  and  alternating  with  them 
in  position,  are  the  radials,  five  in  number,  so  called  because  they  are  in 
line  with  the  rays  or  arms.  Referring  the  position  of  the  inferior  plates 
to  that  of  the  radials,  we  find  that  the  basals  are  always  situated  inter- 
radially,  while  the  infrabasals  are  situated  radially.  Above  the  radials 
lie  the  brachials.  These  var}'  greatly  in  number  and  kind,  sometimes 
articulating  directly  with  the  radials,  in  which  case  all  the  brachials  are 
free,  and  sometimes  having  their  lower  series  fixed  and  immovable,  thus 
forming  a  part  of  the  calyx.  The  brachials  lying  directly  upon  the  radials 
are  the  aMals ;  of  these  there  may  be  one  or  more  series,  when  they  are 
distinguished  from  below  up  as  jmmai^  (cost.'),  secondai-y  (cost."^),  etc. 
The  uppermost  costal  of  each  ray  is  commonly  axillary,  i.  e.,  pentagonal 
in  outline,  with  two  upper  joint  edges  inclined  from  each  other.  On 
these  rest  the  distichals,  of  which  there  are  ten  in  each  series.  Secondary 
distichals  (dist.*)  may  rest  upon  the  primary  ones  (dist.'),  and  may  in 
turn  support  the  palmars,  of  which  there  would  be  twenty  in  a  normal 
series.  Above  these,  on  further  division,  are  the  post-pal  mars,  which  are 
often  very  numerous.  Two  types  of  arms  can  be  distinguished,  those 
composed  throughout  of  one  series  of  plates  ( uniserial),  or  those  made  up 
of  a  double  series  ( biserial ),  the  plates  of  which  usually  interlock  to  a 
greater  or  less  extent.  These  latter  are  the  more  specialized,  alwa3's 
beginning  uniserially. 

Between  the  radials  are  often  found  additional  plates,  the  interradials, 
which  may  vary  in  number. 

Between  the  distichals  of  one  ray  may  occur  the  interdistichals,  which 
are  situated  radially.  Between  the  distichals  of  adjacent  rays  may  occur 
the  interbrachials,  and  these  will  be  situated  intei'radially.  An  anal 
interradius  is  present  in  unsymmetrical  forms.  The  tegmen  forms  the 
cover,  or  ventral  part,  of  the  calyx,  and  is  composed  of  plates  either 
closely  anchylosed,  or  held  together  by  a  leathery  membrane.  In  the 
Palaeozoic  Camerata  the  plates  of  the  ventral  disc  fit  closely  and  they  are 
considerably  thickened, forming  a  very  rigid,  more  or  less  convex,  vault, 
from  which  may  arise  the  plated  anal  proboscis. 

The  mouth  of  Palaeozoic  crinoids  is  usually  beneath  the  tegmen,  the 
only  external  opening  in  the  tegmen  being  that  of  the  eccentric  anus. 
From  the  mouth,  radiating  grooves  or  canals  commonly  pass  outward  to 
the  arms,  in  which  they  are  continued.  These  are  the  ambulacral 
grooves,  along  which  the  food,  caught,  on  the  arms,  is  conveyed  to  the 
central  mouth.  These  grooves  may  be  open  or  covered  by  plates.  Within 
the  cavity  of  the  calyx  are  the  viscera. 

The  stalk,  or  stem,  is  composed  of  a  varying  number  of  joints,  which 
are  circular,  elliptical,  or  angular  in   cross  section  (  Fig.  29).     The   joint 
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nearest  to  the  calyx  is  the  last  formed  one.  Freiiuently.  a  certain  nuinlKT 
of  the  joints  lH*ar  riK)t-like  extensions,  or  cirri.  The  stem  and  cirri  are 
pierced  by  an  axial  canal,  round  or  (>ent4igonal  in  cn>ss-8ei»tion.  The  stem 
was  in  most  cases  attached  by  a  root  (Fig.  29,  mo). 

Note.  —  For  a  more  detailed  account  of  the  structure  of  the  crimuds, 
and  for  a  discussion  of  their  development  and  aHinities,  see  Zitiel's 
"Text-book  of  Paheontology "  (Eastman's  tninslation),  pp.  124-i;W. 
The  magnificent  work  of  Wachsmuth  and  Springer,  **The  Crinoidea 
Camerata  of  North  America,"  publishe<i  by  the  Musi»um  of  Comparative 
Zoology,*  at  Cambridge,  will  be  found  exhaustive  and  indispensable  to 
the  advanced  student  of  crinoids. 

Specific  descriptions  are  usually  scattereii  thn>ugh  scientific  publi- 
cations ;  those  of  the  division  Camerata  may,  however,  be  found  in  the 
monograph  of  Wachsmuth  and  Springer,  above  referred  to. 


(iKxrs  GEXN.-EOCRINITS.     W.  a.m.  S. 

[Etv.  :     OennaitM,  of  noble  birth;  krinon,  lily.] 
(1882:     Pro<\  Acad.  Nat.  8oi.,  p.  384.) 

Calyx  deej)ly  iiulented  at  the  arm  ivgiou.  Plati»8  thin, 
ornamented  with  radiating  stria*.  Axial  canal  large,  ])enta- 
lobate.  Basalw  thret»,  Hniall.  Iladials  and  eostals  similar, 
the  former  five,  the  latter  2\^k  (^ostals  hexagonal  and 
heptagonal,  respectively.  Above  the  distichals  the  branch- 
ing is  from  alttM'nate  sides,  arms  branching  off  at  one  side, 
and  brachials  of  a  higher  order  at  the  other.  Arms  eight. 
Interradials  niimerons.  Tegmen  of  small  plates;  no  anal 
proboscis. 

(jKXNj:o('KiNrs  xvss.v.    (Hall.)    (Fig.  2.*^,  /i-r7. ) 

{Artinocrinus  nyssn.  Hall.  1X02.  Lltli  Rep't  N.  Y. 
Stat-eCab.  Nat.  Hist.,  p.  121).) 

Distinguishing'  (Imrnrtars, —  Calyx  wid(Tthan  liigh;  lobed 
at  arm  region:  arms  given  off  in  clusters;  semi-globose 
calyx;  striated  plates,  a  ridge  passing  to  each  face  of  the 
plate,  and  another  to  each  angle;  ridges  of  adjoining  plat<'s 
form  triangles;  ridges  of  radial  plates  increast*  in  |u-om- 
inence  towards  distichals,  having  at  the  arm  bases  almost 
the  width  of  the  arms;  short  flat  basals;  radials  and  costals 
as  long  as  wide,  decreasing  ra))idly  in  size  upwards;  second 

♦Mem.  MU8.  Coinp.  Zool.,  Vol.  XXIV. 


coetals  less  than  linlf  the  size  of  the  radials.  Distichals 
2x10.  comparatively  sniull,  wider  than  lonij,  the  second 
ones  axilhirv. 


Fio.  U.  e-fl.     fi.  euehnr 
(f.  g)  iotvmiaiBl  1 1>  t>lBl«;  ( 


calyx  of  unknown  BfHiiii 


Found  as  dissociated  plates   n  tl  e  Dem  esa  an  J  Stictn- 
pora  beds  of  Section  5  (rather  rare) 
Genn^ochi.vus  edchaius.     (Hall.)    (Fig.  24,  e-g.) 
{Actinocrinus  eucharis.     Hnll.     ITtth  Rep't,  X.  V.  State 
Cab.  Nat.  Hist.,  p.  130.) 

Distinguishing   Characters. —  Law  basnls.   hir^    radials; 

cost.'  hexajifonnl,  cost."  [>enta.}i;onal,   small;    ten   oi-  eleven 

•TBdiais  in  each  niterradius,  except  the  anal  interradius. 

Jl'contfiinf*  a  {jl-eat^r  nnniber;  strong,  radiating  surface- 

p>n  plates ;  center  o[  plates  nodose, 
fund   ill    the    Peniissa   bed    ot  Section  5,  as  detached 
■B  (riirel. 
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Gknus  DORYCIUNUS.    Roemek. 

[Ety.  :     Dory,  spear;  krinon,  lily.] 
(1854:     Archiv.  fftr  Naturgesch.,  Jahr.  XIX.,  Bd.  L,  p.  207.) 

This  gen UH  Hwnis  to  be  represented  in  the  Hamilton  beds 
of  this  i-egion  by  strong  tegrainal  spines,  which  were  found 
in  the  Deinissa  bed.  (Fig.  24,  /.)  The  genus,  ns  restricted 
by  Wachsniuth  and  Spi'inger,  has,  to  my  knowledge,  not 
been  recorded  from  so  low  an  horizon. 

The  spinose  tegniinal  j)late  (Fig.  24,  h)  and  the  calyx  base 
(Fig.  24,  A')  have  not  b(»en  identified. 


Genus  HABROCRINUS.    D'Okb. 

[P]ty.  :    7/rt^o«,  splendid;  krinon,\\\y.'\ 

(18.*)1:     AbnirriuuH  D'Orbigny, — Cours  elem.  de  Paleont,  Vol.  II.,  Fasc.  II., 
p.  144.     lliibi'ocnnnH  (D'Orb.)  Angelin, — Iconographia  crinoideorum,  p.  3.) 

Bnsals  thr(»e,  equal;  costals  2  x  5,  the  distichals  support- 
ing the  arms.  Anal  interradial  ])late  very  large,  heptagonal, 
and  followed  by  a  second  between  two  inter-brachials, 
ab()V(»  which  follow  numerous  other  plates.  Arms  uniserial, 
long,  heavy,  and  simple  throughout. 

HAHHOCUINrs    PENTADACTYLUS.      sp.  UOV.      (Fig.  25.) 

Distinguishing  Characters.  —  Obconical  foi*m,  uniformly 
enlarging  from  base  upwards;  rather  large  basal  plates; 
large  radials  and  smaller  costals;  strong,  carinate,  rounded 


Fic*.  '-iu.  Unhrocn'uus  pentadactylntt.  Two  sp«»ciinen8  t^nlarjfed,  with  an  analysis  of 
the  calyx,  (a.)  Anal  int^^rradiiis.  The  shadwl  portion  is  added  from  the  smaller  of  the 
two  8pe<;iinens.    ((.>rij?inalj 
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ridges  extending  from  the  bane  to  the  ten  arms,  along  the 
five  rays. 

Found  in  the  Moscow  shale  of  Section  5,  two  feet  above 
the  base  (two  8]^)eciniens). 

Note. —  This  species  is  the  first  of  the  genus  noted  above 
the  Silurian,  as  w^ell  as  the  first  representative  of  the  genus 
in  America;  the  other  species  being  known  from  (iotland 
and  England. 

Genus  PLATYCRINUS.    Miller. 

[Ety.  :  Platys,  flat ;  krinon,  lily.  ] 
(Miller,  Natural  History  of  Crinoidea,  p.  73,  1821.) 

Calyx  composed  of  three  unsymmetrical  and  frecjuently 
anchylosed  basals,  succeeded  by  five  large  radials,  laterally 
united  by  close  sutures,  their  upj)er  margins  crescent-shaped. 
The  costals  are  small  and  axillary,  the  single  series  being 
often  entirely  hidden.  The  distichals  commonly  in  two  rows, 
the  upper  axillary,  and  bearing  the  palnmrs.  The  first  row 
of  interradials  is  on  a  level  with  the  arm  bases,  and  is  in 
part  interbrachial,  and  in  part  intei-anibulacral.  The  suc- 
ceeding interradials  are  all  interambulacral.  Anal  interra- 
dius  of  numerous  plates.  Arms  simple,  dividing  and  becom- 
ing biserial,  i.  e.,  composed  of  a  double  row  of  plates.  Pro- 
boscis often  present.  Stem  elliptical  and  twisted,  with  a 
minute  axial  canal. 

Platycrinus  eriensis.  Hall.  (Fig.  26.)  (15th  Rep't 
N.  Y.  State  Mus.  Nat.  Hist.,  p.  119,  PI.  I.) 

Distinguishing  Clmracters. —  Small  cuiKshaped 
calyx ;  comparatively  large  column  facet,  bor- 
dered bv  a  thick  rim;  anchvlosed  basals;  radi- 
als  wider  than  high,  with  prominent  articulat- 
Fio.  26.  piuiy-xniT  surfacc  above;  first  costul  qiindrangular; 
(after  Hall).         sccoud  costal  axillary,  ])eiitag()iial ;  sub-angular 
arm  joints;  strong  pinnules;  granulose  plntes. 

Found  *'in  the  shales  of  the  Hamilton  group,  near  Ham- 
burgh, Erie  County,  N.  Y."    (Hall.) 
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Gknts  TAXOCRINIIS.    Phii.lh'h. 

[Ety.  :     Tajruft,  yew  tree;   krinon,  lily.] 
(1843:    Morris  C^it.  Hrit.  Foss.,  p.  90.) 

Calyx  with  dicyelic  base;  three  infra-haHalH,  small,  un- 
equal, fuH(»(l  with  to])  Hteni-joint ;  five  Hniall  basalH;  five 
radialH;  costals  2  x  5  to'Jxr);  interbraehials  numerous.  On 
the  truncated  lar^(»r  j)()steri()r  brachial  occurs  a  primary' 
anal,  followed  bv  numerous  small  secondarv  anals.  All  the 
plates,  from  the  radials  upwards  are  united  by  loose*  sutures 
or  by  muscular  articulation. 

Taxocrini's  xuxths.    Hall,    ((bmpare  Fi^.  27.) 

{Forbesiocrinus  nuntius.  Hall.  15th  Rep't  N.  Y.  State 
Mus.  Nat.  Hist.,  p.  124.) 

Distinguishing  Chiiracters. — Costals  2  x  5,  incr(»asin^  raj)- 
idly  in  width  from  the  radials;  distichals  *5  x  10  dcK^reas- 
ing*  in  width  from  below  upwards; 
((V)  axillary;  i)almars  four  in  one 
branch,  seve^n  in  th(»  next  one,  ui)p(*r 
])almars  axillary;  strongly  ^ranu- 
lose  or  pa])illose  surface;  strong 
ridge  on  (!(»nt(»r  of  ])hites;  stout 
obtuse  spine  on  center  of  axillary 
])lates. 

Found  ^'in  th(»  shales  of  the  Ham- 
ilton grouj),  associated  with  Plnty- 
rrinus  cricnsc,  Spirifcr  ^nuiuli ferns, 
S.  Ill nr.roini f ns,  Strophodon tn  do- 
niissn,  Ovthis  /Hinclopc',  and  other 
characteristic  Hamilton  fossils  in 
Erie  (\)unty,  N.  Y."  (Hall.)  This 
association  suggests  the  Demissa 
l)ed. 

The  <lescrii>ti()n  here  given  is  con- 
densed from  that  of  Hall.  So  far  as 
i  am  aware,  the  s|)ecies  has  not  been      vui.-ir.  Tn.rnm'nuH nnntinH(y\. 

..  -        riM         ,•11  .  -11  •  t'lilyx  iiiul   frtiKiiH'iits  of  anus,  x 

figured.     1  he  lollowmg   ilhistration   -•^-   (<>riK'inai.) 
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(Fig.  27)  iei)resentH  a  calyx  obtained  from  the  Deniissa  IkmI. 
which  in  with  some  hesitation  referred  to  this  species.  The 
median  ridge,  on  the  ('enter  of  the  ])hites  is  strong,  but  ill 
defined,  and  the  spine  of  the  bifurcating  s(K*ond  costal  is 
represented  by  a  blunt  tubercle.  A  small  anal  interradial 
apj>ear8  on  the  exposed  side  of  the  specimen,  and  above  this 
primary  interradial,  appears  a  secondary  one,  much  smaller. 
In  the  original  description  of  T.  nuntius  Hall  states  .  .  . 
.  .  ** interradial  and  anal  plates,  apparently  none.''  From 
the  description  we  may  gather  that  the  tyi)e  specimen  was 
an  imperfect  one,  and  it  may  have  been  that  the  azygous 
side,  if  present,  was  not  exposed. 

The  specimen  figured  is  somewhat  crushed  and  distoi-ted. 

What  appears  to  be  arms  of  this,  or  a  closelv-related 
species,  were  obtained  on  a  slab  of  shale  at  Section  7,  from 
l)etween  nine  and  twelve  feet  below  the  Encrinal  limc^stone. 
They  are  figured  herewith. 


Gems  ANCYROCRLNUS.    Hall. 

[Kty.  :  Ankura,  grapnel  ;  krinon,  lily.] 
(15th  Hep't  N.  Y.  State  Mus.  Nat.  Hist.,  p.  89.) 

This  genus  was  founded  on  what  aj)i)ears  to  be  the  base 
of  a  stem  enlarged  into  a  bulb,  from  which  four  ascending 
processes  diverge,  giving  the  whole  a  resemblance  to  an 
anchor.    From  the  center  the  main  stem  ascends. 


Fig.  2^.  Aucf/ro- 
cn'nus  hill  h  ft  SUM. 
(n)  Norinul  si)«Hn- 
III en  with  spint^A 
ivHtoreil;  (/>-(;)  vari- 
ously (IfforiiUMl  in- 
(ii  V  id  iinis  :  (6.  v) 
siHH.'iiiieii  with  tlat 
Imse  uiul  four  irivjjf- 
iilar  i)r()iij?K  ;  (r7) 
speciiiKMi  witli  iiu- 
nuTous  pnm^s  <li- 
\  ♦Mx>i»^  at  (liflferent 
levels  :  i  e.  f)  si)*»ci- 
nn*n  with  pre jlun^tHl 
base  and  three 
l)ronjrs:  (»/)  si)e<ri- 
inen  witli  broken 
base,  prongs  di- 
verjfin^;  nearly  at 
ri^bt  anjrles.  Stu- 
dent PalH'<»ntoh>fi:- 
leal  Col  left  ion.  Har- 
V  a  r  d  Univeniity, 
Cat. -.5^:.  (Orijfinal.) 
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A.NUviiocKiMtt  itri.iM)Hi«.  Hull,  (Fif;.  'JH.)  (ir>tJi  Kep't 
N.  Y.  StaU-  MiiH.  Xiit.  Hiwt.,  p.  i)0.) 

hbitinfriiishinfjQiiniiCtfrs. — Biilbiferoiis  lowiTend;  ol)liqiie 
iiHceiidin^  ]»r«)C(»«eH;  lohinin  round  Iiolow,  obtneely  quiul- 
riiiiffiihir  Jibove.  Foiiiid  in  tlie  Moscow  Hhale,  thrtn;  to  five 
fwt  al)ovf  the  Kncrinii  1  linieBtonc,  at  Section  Ji;  and  also  in 
tilt*  Di-niiNsa  bed  of  Section  5  (nin>). 

Cnixciiif  .Joints  ami  Sticm«.    (Fi};.  2^.) 

TIkw  liodioH  aiv  (if  ctMniiioii  occun-encc.  The  EntrinnI 
liincHtony  w  in  i)lnirH  alinosh  iiuidc  u|i  of  tlioii-  fm^incntH 
(liencf'tlic  inline),  tlion;fli  few  calin-H  Inivi'  bccnf(mn<]  in  tliat 


P'lii.  Al.     i:;m,i-l  Nl-iif.  .h.iatn  null  ll'i-l-.     HI.  hi  M.-iiiH  •ininiii.'nt.Hl  <i'IMi   IiiI>-ih'Ii-h  ; 
(-■.,/i«l.-iiiHivilii  lit Iiitioiis:  1,1  Jr,iiil  ullli  1i.-v,.|.-.l  liiitrKlli:  i /.  w  J..ii,l«  hiIIi  Ihn*  v.t- 

if.Ji  Hiiuiiitli'si.'i'i'iH.  irllli  ilil.'k  iiiiiriliiil  joliitH  n-M »'(!»■&';  ijt i' frHKiiiMii'  "t  ii  UiW  J^'iiit 
with  n  kiiir.' .-elm-  l.fvi-i.  tin-  <l»it.Ht  j|»h  xlhiwH  ••rinhiHl  Mjp :  >f)  n  ii.llixl  hhiii:  -m  »i 
"riKilK"  utliii-li'il  I.,  Kli.-lii..  .■[<■.    .AlliuiIiinilHla-cxt'nit  h  uiil »  wlili'li  uv  x  1.    ( Irljiliuil. < 

rock.  Tln'  .stciiiH  MT'c  cxIrcTiifly  abiiuda.nl.  in  tlic  DcniisHn 
and  Sti.'1n|...r-a  beds.  Ijut  an-  .■(mi[)aralivcly  ran- eWwIii-i-.-. 
A  TinTiilM-i'  nf  spccii-H  arc  r-cpr.'walcrl,  bal  no  attciiipt  iit 
IdcntifiiratJoii  has  bii-n  made  Not  inl'rcijni'iitly  nodal  joints 
(icciir.  wliicli  liavc  a  pi'oji'ciin^  linil'c-cdfri.  inaffiin  (  Fin'.li'.l,  A), 
and  oliiiTs  with  llint!  inojculing  vertical  \tUU-n.    (E'lj;.  2!t.  f. 
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/f.)  Various  modes  of  oriianientation,  such  as  tubercles, 
rings,  and  spinous  processes,  occur,  though  frequently  the 
stem  is  quite  j)lain.    (Fi^.  21),  i\j,)    A  remarkable  example 

of  a  doselv-coiled  stem  from  the  Demissa  bed  is  illustrated 

« 

in  Fi^.  29,  /.  It  was  coiled  in  a  single  plane,  resembling 
much  a  non-involute  cephalopod  shell.  The  coiling  jn-obably 
occurred  during  the  life  of  the  animal,  the  stem  having  been 

severed  from  the  root  bv  some  accident. 

*■ 

Roots. —  These  are  occnsionallv  met  with,  attached  to  the 
shells  of  brachiopods,  on  corals,  and  on  other  objects  of  suj)- 
port.     (Fig.  29,  w-o :  Vsee,  also,  P^'ig.  30.) 

Class  Anneliua.     Mac  Lkav. 

The  annelids,  or  typical  worms,  are  soft-bodied,  marine,  fresh-water, 
or  terrestrial  animals,  whose  remains  can  seldom  be  preserved  in  a  fossil 
state.  It  is  only  the  tube-building  order  {Tuhicoli)  which  leaves  any 
satisfactory  remains.  In  these  the  tube  is  either  a  calcareous  secretion  of 
the  animal,  or  it  is  composed  of  agglutinated  sand  and  other  foreign 
particles,  being,  in  each  case,  wholly  external.  The  peculiar  bodies 
known  as  Conodonta  are  supposed  to  be  the  jaws  of  annelids.  Worm 
burrows  are  often  preserved  by  sand  or  mud  intiltration,  a  cast  of  the 
burrow  appearing  in  the  strata. 

Note. —  The  anatomy  of  recent  worms  is  treated  of  at  length  in  most 
text-books  of  zoology,  to  which  the  student  is  referred  for  further 
information. 

The  literature  on  (ouodonth  is  scattered.  Pander's  Monographic  der 
Fossilen-FLsche  des  Silurischen  Systems  des  Uussisch-Iialtischen  Gouv- 
ernements  (1851),  treats  of  them  at  length,  they  being  there  considered 
as  fish  teeth.  A  paper  by  Zittel  and  Rohen  entitled  '*  Ueber  Conodonten," 
and  published  in  the  Sttzungx^Hn'rht  dtv  Htn/riHcIu n  Akadtntie  dtr  Wisnen- 
w/ififten,  Bd.  XVI.,  1886,  discusses  them  in  detail,  and  bring.s  out  their 
annelid  attinities.     Hinde's  paper  is  quoted  below. 

TUBES* 

(iK.Ms  SPIROKHIS.    Lamakk. 

[Ety.  :  A  spiral  whorl.  | 
(ISi)l:     Si/Mt.  Aft.  xuHH    Virt.,  p.  ;}'.>(>.) 

Minute,  spirnlly-coiled  ealcar(M)iis  luhes,  which  are 
cemented  to  some  foreign  substance  l)v  one  side.  Sui-face 
smooth  or  ornamented  with  concentric  stria*  or  nnniilations, 
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or    with    tiilHTcleH  or  Hj)ines.      Living 
s|H»ci<»H  (niarine)  commoiily  adhering:;  to 

SriKOHBis  A.MjrLATi's.  Hall.  (Fijr. 
:{().)  ( l.Tth  Kq)'t  X.  Y.  Stat(»  Miik.  Nat. 
HiHt.,  p.  S4.) 

Distiu^j^uisliin^  (■Imnirtars. — Two  or 
more  volutions,  outer  oih*  robust :  sah- 
an^ular  sides:  upjMT  aapdar  surface 
sometimes  nodose:  ajxTture  round  or  Km. »o.  spirorhin  anuuia- 
oval,  usuallv  nearly  n^'tan^ular  to  the  Athurm  Hpinfenmion.  Nat- 
plane  ot  volution.  tori^fiimij 

Found  in  the  l)(»missa  bed,  and  oecasiomillv  in  th(»«hal(^s 
helow.nl  S('cti(niH.")t()H,iin(loii  the  Lake  Slioi-e  (nil  her  rare). 

(Ji:xrs  AITODIOTIS.     I^iNLsntciM. 

(1SH4:    On  the  Silurian  (iu8tn)p<K!a  and  IMornpoda  of  (Jotland,  |>.  IH,").) 

Tu1m»  a  sinistral  (left-handed)  eoil,  somewhat  resemblinj; 
a  pistropod  sh(»ll.  The  form  is  that  of  a  truncated  cone, 
whose  (»xi(»ri()r  is  smooth,  seldom  showing  any  tracers  of  tlu^ 
internal  coil,  thou^rh  covered  with  a  fin(»  un<lulos(»  and  sonu^ 
times  rugose  conc(»ntric  st  Hat  ion.  Th(»  apical  extremity  is 
flatteiH^d  into  a  broad  cicatrix  of  attachment,  which  some- 
tinH»s  has  on(»-half  the  width  of  th(»  body-whorl,  rsually 
attached  to  a  brachiopod  shell.  Walls  of  the  tube  thick, 
sonH»what  c(»llular  in  the  thickest  portions. 

A  rrooKTis  i.i  xdstimkmi  . 
darke.     (  Fig.  :n  . ) 

(Am.  (ieol..  Vol.  Xlll.,  p.  :;:54, 
Figs.  1.  2,  :J,  May,  lsi>4.) 

/>/^7///^'7//^7y///^'•  ( liii  metiers.  — 
Ka|)id  expansion  of  shell:  cica- 
trix of  at  tachmeiit  less  t  han  one- 
third  the  diameter  of  the  bodv- 
whorl.  lM)un(l  in  the  Hamilton 
shales,    at      Hamburgh,     .\.     V.  i-i.;. hi.    Aut,„MuH  iiu,iHtnvmi. 

y.^i        ,  LaliM'iil  and  tofi  view,  iiiul  s<Tti(>ii, 

((.larke.  )  x  .l  uxUw  Claikf;. 
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(Jknis  CORXULITES.     Schlotheim. 

[  Ety.  :     (hi'iiu,  liorii  :  lithon,  stone.] 
(1820:    Sohlothcim  Petrefacteiikuiuie,  p.  878.) 

Tube  gently  tapering, flexuous,  the  small  end  usually  bent. 
The  tul)e  either  wholly  or  in  j)art  adhering  to  other  objects. 
Walls  thick  cellular,  composed  of  imbricating  rings.  Sur- 
face ornamented  by  annulations  and  longitudinal  strite. 
Interior  presenting  a  succession  of  annular  constrictions, 
giving  a  scalariform  character  to  the  cast. 

CoKMLITES  HAMILTON!^:.      Sp.  UOV.      (Fig. 

82.)     ((\)mpare  Pal.  N.  Y.,  Vol.  VI.,  j).  r)2, 
Fig.  12.) 

Distinguishing  Characters. —  I'niform  cur- 
Fio.  32.  cnrnnfites   vaturc  of  basc,  which  uiakes  nearly  or  quite 

hamntonioi.   The  ty|)e  .     ,   ^  ,  .^,      ^,  •  /•  r    .i 

specimen      enlarged   a  riijrilt  aniirle  With  the  mam  i)ortion  oi  the 

eijfht  diameters.    lOr-  .  . 

>K^n»''  tul)e;  uniform  rounded  annulations;  attach- 

ment bv  whole  surface.    Found  in  the  Pleurodictvum  beds  of 
Averv's  (Veek. 

CONODONTS. 

(JKNTs  PRIOXIODIS.     Pander. 

[  Kty.  :     Prionion,  small  saw;  othnix,  tootii.] 
(1851:    Monograph,  (i.  Foss.  Fische,  d.  JSil.  Syst.,  p.  28.) 

*Maw"  with  a  narrow  basal  portion,  which  supports 
numerous  delicate  denticles;  and  an  elongate<l  tapering 
tooth,  which  extends  below  the  basal  portion. 

PmoMonrs  ekkatkts.  Hinde.  (  Fig.  '^'^A.)  (Quart. 
Journ.  Geol.  Soc,  Vol.  XXXV.,  p.  »-^")*.),  PI.  XV.) 

Distinguishing    Chararto.rs. —  Short,     narrow,     slightly- 
arched  base:    hirger  cylindrical  curved 
^"^^V        ^  a  main    end-tooth,     projecting    obliquely 

^^Oy^^        outward,  forming  an  obtuse  angle  with 
*fs  ^        base.     Denticles  fiv(^  small,  uj)right. 

eJuNn^:>'x  ^it'laiwv  Found   in   the  (\)nodont    bed   of   the 

"*"**''••  '  (Jeiiesee,  at  Section  1.     (  Hinde.) 

PrnoNionrs  AHUUEviATrs.  Hinde.  (  Fig.  IVMl.)  (Quart. 
Jour.  Geol.  Soc.,  Vol.  XXXV.,  p.  8.")!),  PI.  XV.) 
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Fio.  81B.  Hrioni- 
tniuM  nhhreuiatuM,  x 
18  (aft4*r  Himle). 


Vm.  88(.\  Priimio- 
ffvH  cUnuitim^  x  18 
(aft«;r  Hin«le). 


Distiiigmshin^  (■hnnicters,  —  Short,  stout 
luisp;  lonji;,  nearly  straijrht,  cylindrical, 
blunted  main  end-tooth ;  denticles  two,  Hniall, 
blunt,  with  knobs  at  their  smnniits. 

Found  in  the  Conodont  bed  of  the  Geui^see, 
at  Section  1.    (Hinde.) 

PnioMODrs   cLAVATis.       Hinde.      (Fig.  i{:{C.)       (Quart. 
Journ.  (Jeol.  Soc,  Vol.  XXXV.,  p.  860,  PI.  XV.) 

Distinguishing  Charnrtrrs. — Ar(*hed,  nar- 
row, stout  bas(»,  convex  in  section;  main 
central  tooth  straight,  cylindrical,  and 
blunted  ;  dentich*s  similar  to  central  tooth, 
four  on  one  side,  two  on  the  other. 

Found  in  the  Conodont  bed  of  the  Gene- 
HiH\  at  Section  1.     (Hinde.)     Fpper  Moscow  shale.  Section 

1  (rare*). 

Phiomoui  s  AXca'LATUs.      Hinde.      (Fig.  8'U).)      (Quart. 
Jour.   Oeol.   Soc,  Vol.   XXXV.,   p.   :{(>(),    PI. 
XV.) 

Distin^uisliin^  ( linrncU'irs. —  Narrow,  thin, 
arched  base*,  the*  two  halves  nu^eting  at  an 
acute  angle;  main  tooth  central,  long, 
straight,  compressed,  with  median  longitudi- 
nal groove;  (h»nticlt»s,  four  on  (Nich  side, 
slightly  curvcMl ;  delicate  ami  brittle. 

Found  in  tlu*  (JcMHssee  shale*,  at  North  Evans,  Section  1  (?). 
( Hinde. ) 

Phiomodi's  acici'laris.      Hinde*.      (  Fig.  .*5.*5K.)      (()uart. 
Jour.  (;e*e)l.  Soc,  Vol.  XXXV.,  p.  ;5()(),  PI.  XV.) 

I)  is  t  i  n  ^'  u  is  li  i  n  *x 
Charurtvrs.  —  Wide*, 
thin,  pe)lislnMl  mid 
transpare*nt,  straight 
or  slightly     a  re- he  el 

basal  pe)rtie)ii.     Main     ..      .,.,,,      „         .         ■    ,    • 
tooth    ne.'ar   e)iic    (.,„|  t^wi..  x  la.uft.M- iiimi,.,. 

larg(\  slightly   e-ui-ve'd.   compressed;   de'ntie-le*s,   two   em   out 


Fh».  8:^1).  Ptio- 
nioduM  anffulatuH, 
X  18  (ufttT  Hinde) 


Two  stvl»'S  of 
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Fio.  83F. 
armatuM,      x 
Hinde). 


Bide,  eleviMi  to  Thirtt*<^ii  on  the  other,  ileliejite,  slender,  acute 
pointiMl,  and  slightly  inelineil. 

Found  in  the  iiem>ee  shale,  at   Nor 
Evans,  Seetion  1  i  ? ).    {  Hinde. ) 

]*HioMonrs  AKMATis.     Hiude.     ( Fi 
a3F.)      (Quart.    Jour.    Geol.    8oe.,    Vc 

XXXV.,  i».  nr>o,  n.  xv.i 

/ilJiiM/l        ^^';f^^'^^^^^^    (7,.r^ere/>-.-Xarro. 
/M|ii'i"viC^l        Hli^htly  rurvetl  basid  j>ortion:  main  en 

^       tooth  hirj»e,  trianj^uhir,  depi-essed  conve 
^'7a'"afte?  its  anterior  end  produi^eil  downward  in 
a    short    spur;    denticles,    five   to    eleve 
strai^'ht,  conij)ressed. 

Found    at   North    Evans,   in  the  Genesee  shale,  Seclic 

1  (?).    (Hinde.) 

PinoMonrs  simcatis.  Hinde.  ( Fi 
iVMi.)      (Quart.  .lour.  (leol.  Soe.,  Vc 

r.       VjJ  XXXV.,  p.  :i(>l,  PI.  XVI.) 
VX\)JrmLfM/l       Distinguishing    ( Imractors.  —  N  a 

row,  straight  basal  portion;  straigl 
or  slif»htly    curved    main    end-toot 
produced  bt»h)w  in  a  spur;  denticl 
of  two  sizes,  alternate,    of    variable*  numbc^r. 

Found    in    the    (JenescH*   shale,    j 
North    Evans,    j)robably     Section 
(Hinde.) 

Prio.modi's  i»am)i:ki.  Hinde.  (Fi 
^^^Ul.)  ((^uart.  .lour.  (ieol.  Soc,  Vc 
XXXV.,]).  :U)1,  Vl  XVI.) 

Dis t inixnisliin<j^'  ( Imracters.  —  N  a 
row  base:  vimw  hir<:e,  slightly  curve 
depressed,  convex  main  end-tooi 
prolonged  below  into  a  stout,  lor 
spur,  which  bears  what  aj»j)ears  ; 
bases  of  fonr  denticlc\s:  dt^ntides  six. 
Found  in  the  Conodont  l)ed  of  the  (ienesei\  at  Sectic 
1.    (Hinde.) 


/.-M 


%f3 

Fio.  3.S(i.     Prion  ind  lis  spiai- 
tuM,  X  18  (after  Himlej. 


Ki«;    "VUl        r-innioiitis  /xni 
'/fn,  X  J'i  aft«>r  UimU". 


153 


I'moNioiHs  (?)  Ai-ATfs.  Hiiidc.  (Fif?.  'WI. ) 
(Quart.  Jour.  (Jcol.  Soc,  Vol.  XXXV..  p.  301, 
PI.  XVI.) 

Diathifriiisliitifr    I  'hurnrters.  —  Bjihc     iia  rrow. 
arched;    larfjjc    triaiifjiilar,    dcpreHHed,    convex 
main  end-tooth,  with  reentrant  base;  denticlcH      kio. jsi.    Pri- 
five,  short,  l.hint,  indintinctly  niari<ed  off  from  ',Z"^'x -''IXr 

1  "  Hinde). 

has**. 

Found  in  tlio  Concxlont  bed  of  the  (JeneHW*.  at  Section  1. 
(Hinde.) 

(JKxrs  POLYCJXATIirS.    Hindk. 

I  Kty.  :     Poit^it,  many  ;  (jwtthuH,  jaw.) 
(Quart.  .Jour.  (Jfol.  Soc,  Vol.  XXXV.,  p.  lUJl.) 

This  nani(»  was  propoHed  by  Hinde  for  aniinaln  j)08seHHinfi; 
nunierons,  varionKlv-fomied  conodonts,  and  niinnt^N  tub(»r- 
euhited  phites. 

PoLVONATurs  nrnirs.  Hind(\  (  Fi^.  ^{4.)  (Qnart. 
Jonr.  (ieol.  Soc,  Vol.  XXXV.,  p.  W\2,  IM.  XVI.) 

The  very  variable  te(»th  associated  bv  Hinde  under  tluj 
above  nani(»  (  from  lM»ing  found  together  in  a  j)at<*h  one- 
fourth  inch  in  diani(»t4T)  are,  by  him.  divided  into  ])(H*tiunte 
teeth   (  Fi^.  ;J4,  /i-^0.  fimhrhito  Uh^X\\  (  Fi^.  :U,  h.  /),  and 


am^ai^ 


(^1(1  l^iiflii'iihlil' 


X  /3 


Fio.   H*.     rtth/f/mithuH   thihiuH.     (a  ij]    I'jM-tinat*'   t»-»'tli:    (/i,  /)  MMil»rlat«*    te«'th;    (k,i) 
cr«*Hte<l  teHh  ;  <  nn  plat**.     All  x  I.'i  Oiftrr  Ilitidt*;. 
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crested  teeth  (  Fijr.  34,  A',  /).  Hinde's  figures  are  liere  i-epro- 
(lueed. 

Pectinatk  Tekth,  .4.    (  F'ig.  34,  a-f/. ) 

Disthifruishing  CImrnrters. —  Narrow,  slightly  arched 
base;  main  central  tooth  sonietimeH  produced  l)el()\v  in  a 
spur;  denticles  slender  and  acute,  fourteen  to  twenty. 

Found  in  the  Conodont  l)e<lof  thefienesee  stage,  at  Section 
1  (abundant);  in  the  Genesee  shale.  Section  1  (?l  (Hin<le|: 
and  in  the  uj^per  Moscow  shale,  at  Section  1  (rai-e). 

Pkctinatk  Teeth,  li.    (Fig.  34,  f^^.) 

Distinguishing Clmnu'teis, —  Straight,  almost  linear,  base: 
teeth  all  similar,  central  one  hmgest,  sometimes  as  many  as 

fourteen :  occasionally  smaller  denticles  between. 

ft 

Found  at  North  p]vans,  in  the  (ienesee  shale.    ( Hinde.  | 

FiMiiRiATE  Teeth.    (Fig.  34,  A,  /.) 

Distinguishing  (liHractevs. — Straight,  narrow,  elongate 
ba.se,  [)ointed  at  one  end:  delicate  main  tooth  near  blunt 
end;  dentich*s,  three  on  (me  side:  verv  many  extremely 
minute  ones  on  the  other  side,  often  yarying  in  size  at  regu- 
lar interyals. 

Found  in  the  (Jenes(»e  shale,  at  North  Eyans,  Section  1  (?). 
(Hinde.) 

Ckestei)  Teeth.    (  Fig.  34,  A',  /. ) 

Distinguishing (luinict CIS. —  (A  )  (V)mpress(MlbastM)f  nearly 
uniform  width:  one  en<I  abruptly  contracted;  crenulations 
(denticles)  about  twenty.     (  Fig.  34,  A'.  I 

(B)  Part  of  base  narrow  and  thickentMl,  with  sometimes  a 
row  of  minute  crenulations  on  upper  edge:  remainder  of  base 
small;  flattened  crest,  with  fiye  to  eight  <lentick's.  (Fig. 
34,  /. ) 

Found  in  the  Genc^see  shale,  at  North  Kyans,  Sintion  1  (?). 
(Hinde.  I 

Platks.— Small,  elliptical,  smooth-edged  j)lates.  with 
one  surface  slightly  conyex,  bearing  a  longitudinal  ri«lge,  and 
haying  a  granulosa  surface  on  one  side  and  a  smooth  one  on 
the  other,  were  found  associattMl  with  the  aboye  ttn^h  at 
North  Kyans,  by  Hin<le.     (Fig.  34,  ///. ) 


ir)5 

IVu,y<j>.ATiiis    NAsiTiw.      Hiii(U'.      ( Fif;-    -t"";)      (Quint. 
Jour.  <ie<il.  K<K-.,  Vol.  XXXV.,  ji.  ;'.C.4.  I'l.  XVl.) 

DiKtiiifjuishiiif^  f'liiimrtars.  —  Xhitow, 
floiigatc.  Mti-iiijilit  Imw;  ln'iiad.fitittciicd 
iniiiri  tooth,  pi-oji>etiii^  in  n  lim>  with 
t)iel)f)K(>;  Hpnr  Muni,  with  thnt*  spines; 
(JeiiticleMtwi'iity.  of  vnrions  lfnf;tliK.  «,(,„.  x  is  oifiJ^-nimi..;, 

Foiini!  iit  Noi-th  FviiitH,  in  tlic  (i(-iicsi<<<  shnic,  at  Sei'ti<iii  1 
(?).     (Hin.h-.} 

I'oi.VdXATiiis  i'i{i\(i:i's.   Ilindc.   i  I'i^',  ;UJ. )    (Qiiin-t .  Joiir. 
Oeril.Soc,  Vol.  XXXV..|..  :!lir>,  i'l.  XVl.) 

Dititiiifiuinhinfii'htirnrti-rf. —  iit'lntivciv  in i^? size;  nnrrow, 
elon^rnted  i.nse: 
tet'tli  ^^iIllilnl■,f•l(■v(^ll, 
liiifi^,  niI)iiMt.  Honic- 
what  ovtil  ill  si-c- 
tioii:  loiifft'st  in  tlic 
t-vaWv.  *'"'■"'■■   ''"'w,/-.»«-.-,.w.-.v,»,.xi-i'Hri..rj ). 

FfHiiid  ill  tin'  roniiilont  Iwtl  of  llii^  (iencsi-c.  nt  Section  1. 
(HimU-.l 

I'oi,v<iXATiT(  s    soi.iin  s.       Ilinile.      I  Fij;.    :t7. )       (Qmirl. 
Jonr.  (leol.  So...   Vol.  XXXV,.  ]>.  .'Mjr,.    I'l.  XVII. | 

Ifistin}(iiisliiii/i'  ('Imriiftriv. —  lijisft  short, 
vm-  thiek.  wiile;  te--lli  snh-('(]iinl.  slu.rt. 
Ht«Hlt.,     olillise,     seven     to     elevi'll.     closely 

Hrnnigctl. 

Foiinil     ill     llie    Cotioilnnl     hell     of       llle     „,);;;;i,^-    '^•■',r"m 
Genese.-.  nt  Seetion  1.     (  Iliii.le.i  "'""■■'"  , 

PoiA.i.NATttrs    ([lASsrs.       IJindc.      (  Fjjr.    :ts.)      ( tjnn 
.lour.  (leol.  So.-.,  Vol.  XXXV..  [..  :)V>7>.   I'l.  XVM.) 

/h'NtJiifiuisliitif^   I'll  II  nil- 1  ITS. —  .\n  ri'o  w, 
curved,  an.l   n-lativek   t-liick    l.nse;    ^ 
proillilient   riiljie,    liejii-intr  six    oliliisr- 
Illtioils:      iioslei-iur     c-1-.'st     willi     two    stoiil    ,A|;r,;™/,!'''7'"'i 
tttt^th.  ■"'■'■■'■" ■■'■ 

Found  in  tli-  t'oiMxImil    l>ed  of  t  lie  (ienes.'.',  nt   Seetion    1. 
(  Hinde. ) 


gaijD 
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Fio.  39. 
PolygnathM* 
pennatus,  x 
18    (after 
Hinde). 


Fio.  40.     Poh 


^olygnath 
culatua^  X  13  (.after  Hinde). 


H8  tuber- 


PLATES- 

Polygnathus  PENNATus.  Hinde.  (Fi^-.  39.)  (Quart.  Jour. 
Geol.  Soc,  Vol.  XXXV.,  p.  36G,  PI.  XVII.) 

Distinguishing  Characters. —  Elon<»:ate,  oval  out- 
line; depressed  longitudinal  furrow;  slender  cen- 
tral keel,  produced  beyond  main  portion,  and 
bearing  tubercles;  lateral  ridges. 

Found  in  the  Conodont  bed  of  the  Genesee,  at 
Section  1  (abundant).     (Hinde.) 

PoLY(JNATHU8  TUBEKCUI.ATUS.    Hillde. 

(Fig.  40.)     (Quart.  Jour.  Geol.  Soc, 
Vol.  XXXV.,  p.  36G,  PI.  XVII.) 

Distinguishing  Characters. —  Lobate 
form;  produced  and  tuberculated  cen- 
tral keel ;  converging  rows  of  tubercles ; 
reverse  side  smooth. 

Found  in  the  Conodont  bed  of  the 
Genesee,  at  Section  1 .    ( Hinde. ) 

Polygnathus  ckistatus.  Hinde.  (Fig.  41.) 
(Quart.  Jour.  Geol.  Soc,  Vol.  XXXV.,  p.  36G, 
PI.  XVII.) 

Distinguishing  Characters. —  Oval  outline, 
depressed  convex  expression :  j)]'ominent  cren- 
ulated  keel;  two  rows  of  tubercles  on  either 

Fio.  41.    Polygna-  sidc  of   kccl. 
thus  crista  tus,  x  13  i        /-i  i  i       i        i-      i       /-i 

(after  Hinde).  1  ouufl  HI  tlic  (  oHodoiit  bed  oi  the  (jcnesee, 

at  Section  1.     (Hinde.) 

Poly(;nathi's  thuncatus.  Hinde. 
(Fig.  42.)  (Quart.  Jcnir.  Geol.  Soc, 
Vol.  XXXV.,  ]).  3()G,  PI.  XVII.) 

Distinguishing  Characters.  —  Sub-tri- 
angular outline  of  plate;  median  keel, 
not  extended  ;  convex,  tubei'culated  sur- 
face. 

Found    in  the  Conodont    l)ed  of  the 


Fio.  4*J.  Ptth/qnath  tts 
tntntdtiis  ami  P.  tnima- 
tuA.  var.  X  18 (after  HiiultM. 


Genesee,  at  Section  1.     (  Hinde. ) 


lot 


PoLYUNATiirs  PL'NrTATL'H.  Hiiide.  (Fi^.  4^5.) 
(Qunrt.  Jour.  (leol.  Soc,  Vol.  XXXV.,  p.  'MM, 
PI.  XVII.) 

Distill f![imhin^  Churnrtvi^, —  Flat,  thin,  inisyni- 
metrical  form  :  keel  ]iro(liic(Ml,butnot  renehiu^  tij)  Firi.4H.  Poiu- 
of  i)latf\  with  two  or  thnn*  nodes;  surfnce  of  ])lnte  /Cf/./«/x  i«'(afi 
nnnuteiv  tnherculated. 

Found  at  North  Kvans,  in  the  flrenese<'  shnle,  nt  S<»ction 
1  (?).     (Hinfle.l 

PoLY(;\ATnrs  uxcuifokmis.  IIind(». 
(Fig.  44.)  ((^uart.  Jour.  (ieol.  Soc,  Vol. 
XXXV.,  p.  :»,r,7,  PI.  XVII.) 

I)istinf»nishin*f  Clmnirters.  —  K 1  o  n  g a  t  e 
fonn :  tonjrue-like,  detie<'te<l.  traiiKversely- 
ridged  pn»c#»ss:  ujiward  curving  sid<\s  of 
plate,  with  <-enTral  trougli  hftw<H*n;  k^i'l 
arising  fnan  hottoin  of  trough,  i>rodu<-<Ml, 
with  civnulated  rn-st :  lateral  surfa***s 
tul>en;ulat*^d. 

Found   in  th»'  ronndniiT  l><*d  r>f  the  ^J^'n**s<'<*.  at  S<*'*tir>ii  ] 
(abundant ).    i  Hinil**. ) 


«// 


Vui.     II.       P'tlf/ffiui- 
■aftJT  lliu'i*',. 


P(U-Yi;NATHr 

Jour.  <fHol.  S<i. 
PI.  XVII.  I 


*    I'Ai-.MATis.       Hinde 
.  \oi.  XXXV..  p.  :;r,7 


(Fig.   4."!.  I      (<2";irt. 


Disrin^-fii>  h  in  'j      f  7;  .j  nt't*'!'.".—  f  j  j  - 
svnnnetri'-.j!.  :■ '•-■'!  •.   *.!•.»■:  .!•■;, !»-*i-<l 

eentral    jiovvr*;  :      .■'.;:.'.*  :'!!'.;■]  i'.\'<\ 

sonietiine-*  *:■  :.-   •  *-'    ..  •-   .  •   .  ■•  •  ■  ■» 

tn     dejtr**^**'         •:  '•           -•    'i',*-  -    : 
fai-e. 

s*f:*  shale  ' "  •                    -     *          H  ■  ' 


POI.V'iN    • 

.lour.  i\^^.  >  - 


!i  ■ 


,'. 
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Fio.  46.  Polygnathus 
(  ?  )      simplex,        x  13 
alter  Hinde). 


Distinguishing  Chavticters. —  Body 
Bhapedlikeatenter-hook,  nearly  oval  in  sec- 
tion; hook  pointed,  oj)posite  end  smooth, 
rounded  like  an  articular  surface;  promi- 
nent nu^dian  ridge  extending  from  point  to 
opposite  end. 

Found  in  the  Conodont  bed  of  the  Gene- 
see, at  Section  1  (very  abundant).  (Hinde.) 


Class  Bryozoa.    EHRExnpnm. 


The  Bryozoa,  or  Polyzoa,  are  marine  or  freshwater  invertebrates, 
almost  always  occurring  in  colonies,  which  increase  by  gemmation. 
Each  zoidd  of  the  colony  is  enclosed  in  a  membranaceous,  or  calcareous, 
double-walled  sac,  the  zotrciuvi,  into  which  it  can  withdraw.  The  ani- 
mal possesses  a  mouth,  an  alimentary  canal,  and  an  anal  opening,  and, 
in  addition  to  these,  a  fringe  of  respiratory  tentacles — the  lophophore. 
The  colony  is  commonly  attached  to  foreign  bodies,  which  it  either  in- 
crusts  or  from  which  it  arises  as  an  independent  frond. 

In  the  Paheozoic  genera  the  cell  apertures  are  often  surrounded  by 
elevated  rims,  or  ])erutomes.  In  many  forms  a  portion  of  the  post^^rior 
wall  of  the  tube  is  more  or  less  thickened,  and  curved  to  a  shorter  radius, 
projecting  often  above  the  plane  of  the  aperture.  This  forms  the  Innaria, 
and  their  ends  may  project  into  the  tubes  as  pseudo-Heptn.  In  the  inter- 
apertural  space  may  occur  angular  or  irregular  cells,  the  luvHttporeH,  while 
on  many  portions  of  the  surface,  tubular  spines  {itranthopoveH),  or  nodes 
(rounded,  knob-like  elevation.s),  may  occur.  At  intervals,  in  many 
genera,  rounded  elevations,  or  monficftlrn,  are  found,  which  may,  or  may 
not,  be  destitute  of  cells.  Macnlip  or  irregular  blotches,  destitute  of 
cells,  also  occur  in  many  forms.  Many  species  bear  a  superficial  resem- 
blance to  certain  corals,  particularly  the  Monticulipor()i<ls. 

NoTK. — The  anatomy  of  recent  Bryozoa  (Polyzoa)  may  be  found  in  the 
text-l)(K)ks  of  zoology.  An  admirable  and  conipri'liensive  discussion  of  the 
structural  features  of  living  Bryozoa  will  be  found  in  the  introduction 
to  Simpson's  **  Hand-book  of  North  American  Pjiheozoic  Bryozoa."  pub- 
lished in  the  14th  Annual  Heport  of  the  State  Geologist  of  New  York, 
1N94.  In  the  "  llami  book  "  it.M'lf,  the  I'aheozoic  genera  are  described 
and  illustrated.  ririchs  systematic  description  of  the  Bryozoa,  in 
Zittel's  T('Xt-l)<)ok  of  Pal;eonto!ogy  (Kastnian's  translation),  will  be  found 
of  great  value,  and  also  his  "  Pala'ozic  Bryozoa."  (Geol.  8urv.  HI.,  Vol. 
VIII.,  1890.) 
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(;i:nu8   FENESTKLLA.    Mii.i.icn. 

[Etv.  :  FeimtnlUt.  litUe  window.] 
(laift:   Lwisilulc  In  Miirclilsmi's  ail.  System,  I'l.  II.,  p.  877.) 

Brvuzoum,  foiisiHtiiifj  of  ti  cfilciireoiiB  bruiichiiifi:  trfind, 
forming  nip-shapt'd  or  finiiR'l-Mha|X'd  fxpiiiisioiiH.  Tht- 
liruncUes  fork,  mid  iire  connected  by  tpanHVPi-ne  burs  or  (Hk- 
iwpimeiite,  thus  eiicloHin^;  spneeB  or  feneetpult's.  The  <;ell 
u|K>]-tiireB  occur  on  one  niile  of  the  l)r)in(ht«.  They  iipesiir- 
roiiilderl  by  riuJM  or  pfriBtonit'B.  and  are  tirrungt^l  in  two 
pnra.lltl  roWM,  while  between  tlieni  ownrM  n  i-iilt;i' (I'ltriTin  ), 
or  H  row  of  iiode«. 

Fk.vkstki.la  ^:^ur■lATA.  Hall.  {Fig.  47.)  (.'illtli  .\nti, 
iiep't  N.  Y.  Stflt<-  .Mli«.  Nat.  Hist,,  y.  (JS.  41«t  Kt-p't.  dn..  I'l. 
VIII.  I 

THntinf^nifhing  Clinnn-teiv. —  Ltirge,  rnnnt'l-Hlui]K'd  fnnid ; 
hHifiitndinal  Ntj-ialioim  of  brunches  on  iht'  noii-t'i.*lhiliferou» 
faL-e,  with  thin,  oiilitiue  diH8(>|iinieii1« :  iiiitfuhir  ihanifter  of 
bwinrhi-H.  niirl  dinsepiiuentB  on  (.■ellnhferonn  faro;  t'losciy  and 
rt'puhirly  dirtposed  cell  tiiierlni-es. 

F'linid  in  the  llcniirtna  bed.  iit  Si-cliun  .'i  (coiiiiiiihl). 


Fknivwi  r,i,i,A  ri.AMi(A.MosA.  Hill!. 
Hep't  .\.  Y.  Slate  Mils.  Nat.  Mint.,  p. 
18N7.  I'l.  I.) 


(Fiji- Ji^-I    lyiilhAiin. 
(;-2:    Itt-p't  State  Geal., 
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Distinguishing  Characters. — 
Apparent  fiiit  expunision  of  the 
fi-ond;  irregularly-forking 
brandies;  sleiuler,  rather  distant 
(2  to  5tnnt.)  dissepiments;  stri- 
nted  branches  of  non-celhiliferous 
face;  angular  branches  of  cel- 
hiliferous  face,  with  sharp 

FlQ.  4S.    FenriteUa  ptanirnmo^a.         CB.rina,    HOdes,    OF     SptUUleS ;     Cell 

The  □fjii-c*e]luUferoui<  and  c^Uuiiier'  '  '  > 

ous Bides,  1 4  uiter  Hall.)  apertui-es  in  double  row,  except 

just  below  a  fork,  where  tlii-ee  rows  occur. 

Found  in  the  Deniissa  l»ed,   at  Section  T*  (rare). 


Gknus  LOCULIPORA.     Hall. 


[Ett,  :     Loculu»,  cell;  poro*,  pare,] 

(1887:    Pal.  N,  Y..  Vol.  VI.,  p.  33.) 

liryozoum  funnel  shajied,  witli  sinuous  or  zigzag  braiR-hes, 
which  i-eunite  at  intervals,  or  are  connec'tetl  by  very  short 
dissepiments  of  about  the  same  wiflth  as  the  branches. 
The  cell  aiH-rtuivs  conij)letely  surniund  tlie  fenestrules; 
the  center  of  the  branches  and  dissepiments  are  marked  by  a 
Itrominent  ex- 
panded ridfie,  or 
carina,  on  thccel- 
hdiferous  face. 

LOC  f  1,1  IMHIA 
I'Kitron.vTA.  Hall. 
(Fig.  4i).)  (yOth 
llcpf  X.  v.. State 
Mus.  .\nt.  Hist., 
p.  (i.'>;  41st  Kep't 
N.  V.  State  Mus. 
Xiit.  Hi«t..i'I.X.) 
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Bistingiiishiuff  Clwracters. —Beticxilaied  aspect  of  fronds; 
oval  fenestniles;  nine  to  ten  apertures  to  each  fenestrule, 
completely  surrounding  it.  (On  account  of  the  expansion  of 
the  carina  to  nearly  the  middle  of  the  branches,  this  face 
may  appeal-  like  tlue  non-celluliferous  face,  especially  when 
embedded  in  rock.) 

Found  in  the  Demissa  bed,  at  Section  5  (common). 

(Jenus  RETEPORINA.    D'ORmoNY. 

[Ety.  :  Ji&fe,  net :  poros,  pore.  ] 
(1850:    Prodomede  Pal.,  T.  I.,  p.  101.) 

Bryozoum  fenestelloid,  with  sinuous  and  anastomosing*; 
branches.  The  non-celluliferous  side  has  the  appearance  of 
a  net-work,  with  oval  fenestrules;  while  the  celluliferous 
side  shows  sinuous  branches,  with  a  double  row  of 
apertures  on  each. 

Retei*orina  striata.  (Hall.)  (P^ip;.  50.) 
(Gth  Ann.  Ik^p't  N.  Y.  State  (Jeol.,  j).  45,  PI.  III. 
1886.) 

Distinguishing  Characters.  —  Reticulated 
appearance  of  frond;  fre(iuently  a  prominent 
node  at  j)oint  of  junction  of  branches;  sinuous 
branches  of  c(*llulifei*ous  fjice,  aj)parently  con- 
necU^d  by  wid(\  (hM)reHsed  dissepiments;    thin,     ^^^r  ^-  .^^i*-- 

*'  '  '  *  '  ^    \iorinn    striata. 

elevated  and  crenulati'd  carina  between  apei*-  ai?d  * cHhluferouK 

^  Hides,  enlarKwl,  x 

l^n'^"-  4  (after  Hall). 

Found  in  tin*  Demissa  b(»(l,  at  Section  5. 

(Jkms  rXITUYPA.    Hai.l. 

[  Ety.  :      Unufi,  one  ;  trypii,  perforation.] 
(  ISHf):    Hep't  N.  Y.  State  Geologist  for  1884,  p.  30.) 

Bryozoum  consisting  of  fenc^stelloid  fronds,  with  two 
rows  of  apertures,  se])arated  by  a  carina  on  the  celluliferous 
face  of  each  braiicli.  The  carina^  are  prominent,  high,  thick- 
ened near  the  top,  and  those  of  adjacent  branches  are 
connected  by  thin  ()bli(|uely-phiced,  or  abruptly-bent,  trans- 
verse plates  or  scaL-f. 
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I'xiTRYi'A  scALARis.  Hall.  (Fig.  51.)  (6th  Ann.  Kep't 
N.  Y.  StateGeol.,  p.  60,  1886;  Report  of  1897,  PI.  XI.) 

Ifintingin'sliing  Characters. — Sti-night  parallel  an<l  rigid 
branches;  laddei'-iike  api)ear«nce  of  can  nee  and  scalie,  the 
former  projecting  above  the  latter ;  very  oblique  scalte,  with 
their  miniinitM  nearest  the  base  of  the  frond. 

Found  in  the  DeiniBKa  bed,  at  Section  o  (rare). 


Fia.  SI  Unitrypa  tcnlarui  (a)  A  rraemenl  of  the 
carintB  and  Hcalw^  (biui  enlargemrnt  of  tnesuinnillHuf 
tbti  carJtiA  and  Bcolip.  ahowiD^r  nodes  on  (hecarinee.  x  4; 
let  an  enlaiVPinent  KboHlnjc  ''•'ry  Ihln  catinEe  anil  walep. 
x4;  liDanentBrepnient.  Bhowintc  Ihe  under  side  of  Ihrcsrinf  hi 
veree  sections  of  different  (rooclB.  x  4  ;  igi  a  transvfrw  srction  ' 
11m  rhomboiilal  fonn  of  the  brnnL-heii.  in  eecllon  at  Lhe  hane,  nli 
ttke  tranTerse  dissepiniCDt ;  thp  hrandit*  arc  i-onlinue^  upwa 
are  expanded  at  the  summit,  and  ci>nne<.-ieil  by  the  transvi^nv  "> 


tularKeil.  shnnltig 
f  an  L-onoecIed  by 


Gkms  POLYI'OEA.    Mi<:ov. 

(Etv.  :     l'"tj//i,  many:  poran,  pore,] 
(1845;     Curb.  Fobs.  Ireland,  p.  306.) 

"  Iliyozoiini  having  the  fame  manner  of  growth  and 
gtneral  nepect  a»  Fenestei.la,  but  having  the  cell  apertures 
disposed  in  three  or  more  ranges,  entirely  covering  the  cei- 
luliferous  face  of  the  branches,  which  are  without  a  median 
keel  or  carina."    (Simpson.  Pal.  Itryoz.,  p.  r>02.) 

PfM.vpouA  Mui.rri'i.EX.  Hail.  (Fig.  51A.)  (Rep't  State 
Oeol.  for  1H86,  p.  CO.  ibid.  1887.  PI.  XI.) 

I>iNiiiifiiiishiiifi  Ciiararters.—ljarge  infundibnliform  fronds, 
with  fn-qncut  loufiilndinal  folds  or  undulations.  Non-cellu- 
lifcnius  face;  moderately  slender,  ulinrply  angular,  straight 
and  rigid,  or  more  or  lews  zig-zag  branches,  with  a  Blight 
cai-ina  ;  conipnrat  iveiy  strong,  sharply  angular  disfppimente, 
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on  a,  plane  with  the  braiicliee,  iind  Blif!;htl_y  expanding  at 
their  junction,  with  a  slight  carina  similar  to  and  uniting 
with  that  of  the  brancheH;  elongate  to  broadly  oval  fenes- 
triites;    t-elluliferous  fac-e;    rounded   ehanicter  of  brancheR 


kXik.Al.A.>. 


Pulllfinfa  niHlliptrT.    I'lirll'iii  i>r  n  tnmi 

_.  rxv.  kIhiwIiik  ■uiiniliu' brani-hni  ciiatit ^  _— , 

or  cvlliilir.-nniH  rail-.  Khowliijc  r<»-iii  nnil  •KBiKisilhni  of  <-<-|l  ai^rtnn 
<j —  !...._. I...  n,|,p.„  nT  H|iertunm.  x  ■'-   ■ — ■" —  ■ 


«-  l-MitMl  In 


and  diHHe|iinients,  the  latter  slender  mid  iiiucli  depreswed, 
obscure,  and  NiinietinieH  obsolete;  narrow  fenewtnileK,  adja- 
cent brancheH  freijueiilly  l)hno^<t<lr<]nitein('o^tn<'t:  cell  ai«'r- 
tures  in  two  to  fiiMrianges,<'ircii!nrorovn!,closelyarranged; 
sniootli  inteiH]ificeH;  wtrongeleviited  periHtoines. 

Found  in  the  llnniillon  gnjn|.  at  Alden,  HrieCo.  (HnllJ, 
and  at  Eightei-n  Mile  Creek.  (Coll.  Am.  Mub.  .Nnt.  HiMt.,  New 
York.) 
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Gems  RH0MB()P(1RA.    Meek. 

[Syn.  :  Ortbopora.     Hall.     Ety.  :  Rhvmhu^,  rhomb;  fftrw,  pore.] 
ns7*2:   Meek,  Pal.  Eastern  Nebraska,  p.  141) 

Brvozouni  consistinjr  of  solid  branches,  with  cvliiidrical 
cells,  which  pajfs  outward  from  an  imajrinaryaxis:  cells  with 
transverse  jilates  or  tabnla:»:  a|>ertni-es  separated  by  ridges, 
which  are  often  broad,  and  either  continuous  or  unite  to  form 
rhombic  or  polygonal  cell  spac-es.  Ridges  bearing  short 
spines  or  nodes,  and  containing  tubuli  near  the  surfa<-e,  from 
the  growth  of  the  nodes. 

Rhombopora  (?)  TRANSVER.SA.  (Hall.)  (Fig.  52.)  (Pal. 
X.  Y.,  Vol.  VI.,  p.  1S7.  Pis.  LV.,  LVI.j  (Simpson  uses  this 
s[jecies  to  illustrate  the  genus.  See  Hand-book  Pal.  Bryo- 
zoa,  PI.  XIX.) 

Distinguishing  diameters. —  LHameter  of  branches  about 

Q  I  ■  >,|ii^  -^-"^  '^^"^- '  ^*^  *^'  ^"^^  aiH^rtui-es  in  longitu- 

HjSjfe|^j?B  dinal  rows,  diagonal  rows,  or  irregularly 

m^&fiitv^S  disposer!:  fiat  or  si i":htlv  concave  in ter- 

"    "^  apertural  space,  with  small,  prominent 

tZl^sr^m.^^'T'^ii^em  "<><les  or  gTauules  surrounding  the  ajKM- 

natural  size.  aii«l  a  portion       .  .    ^  .  . 

of  a  branch  ♦-nianrtS:  x  li    tui-es ;   peristome  prominent. 

(aftfr  Hall  and  Simitson).  ..^  i     •  i  tt  •! 

round  in  the  **  Hamilton  group,  at 
West  Hamburg,  p]rie  County,  X.  Y."    (Hall.) 

Rhombopora  poly(;o.\a.  (Hall.)  (Not  tigui-ed.)  (Pal. 
X.  v..  Vol.  VI.,  p.  176.) 

Distinguishing  Chnnirtei's.  —  Infi-eiiuent  bifurcations; 
widely  diverging  branches  with  diameter  of  1.25  to  1.50 
mm. :  oval  cell  a|)ertun»s.  alternating  in  adjacent  rows,  so  as 
to  make  diagonal  serit^s  at  forty-five  degi*ees  to  the  axis; 
angular  or  rounded,  granulose  interspaces,  with  conical 
nodes  at  the  angles. 

Found  in  th»»  •Haniiltuii  group.  West  Hamburg,  Erie 
Countv,   X.    \."   (Hall):    also   four  to  five  fei*t   l>elow  the 

« 

Encrinal    limestone,    at    Section    (J.    EiglitetMi    Mile   Creek 
(rai-e). 

RiioMBopoKA  in:\A(;oN'A.  (Hall.)  (  Fig.  o:!.)  (  Pal.  X.  Y., 
Vol.  Vr.,  p.  ITS.  Pis.  LV..  LVl.    Simpson,  PI.  XiX.,  Fig.  12.) 
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Fio.  64.  Rhomhopora 
reficniata.     Fra|?ment 


Distinguishing  Characters. —  Ilhonibic*  or 
liexagonal  outline  of  the  cell  spaces;  areas 
KurroiindiiijL!:  tlie  cell  apertures  ( vestibular 
area)    smaller  than  in  precedin^i^  sj^cies; 

1  ■  I  1  .  1        r  1        Flo.  68.      Ehombopora 

nodes  at  anf^les  absent;  granules  fewer  and  hexagona.      FraKment 

.  .  , .  .  natural  size,  and  a  por- 

niore  T)roinnient  than  ni  i)recednic:  si)ecie8.     tion  eniare^i,  x  12  (after 

'  '  ^     f  Hall  and  Simpson). 

Found  ni  the'^Hainilton  group,  Eighteen 
Mile  Creek,  Shore  of  Lake  Erie,  Erie  (\)unty,  N.  Y."     ( Hall.) 

Rhomhopora    kkticclata.      (Hall.)     (Fig.  54.)     (Pal. 
X.  Y.,  Vol.  VI.,  p.  179,  Pis.  LV.,  LVI.) 

Distinguishing  Characters. —  Infrecpient 
bifurcations;  rhomboidal  cell  spaces;  oval 
apertures;  rather  small  vestibular  areas; 
dividing  ridgeangular,  with  a  row  of  minute 
granules  alongthe  crest  and  prominent  spin-  Son"^elliarKAd"xi^mf 
ules  at  the  intersections.  ^^  «^"  *"^*  ^*"^p«^°>- 

Found  in  the  "Hamilton  group,   West    Hamburg,  Erie 
County,  N.Y."    (Hall.) 

Hhomiu)i»oha    tortalinka.      (Hall.)      (Fig.    5;").)     (Pal. 
N.  Y.,  Vol.  VI.,  p.  18(),P1.  LVI.) 

Distinguishing  Characters. —  Somewhat  sinu- 
ous growth;  infrecpient  bifurcations;  branches 
with  diameter  of  .60  to  .75  mm.,  and  frecjuently 
diverging  at  an  angle  of  ninety  degrt^es;  oval 
apertures  more*  or  less  rei»:ularlv  disposed  in  nine  bopora   un-taii- 

'  r^  .  I  „,,,j    X  12  (after 

or  ten  longitudinal  rows,  separated  by  rounchni,  Haii  and  8iini>. 
sinuous,  or  twist(Ml  ridg(»s,  Ix^aring  small  nodes. 

Found   in   the  ''Hamilton  group,  Hamburg-on-the-Lake, 
ErieCountv,  N.  Y."    (Hall.) 

ft/ 

Rhomhopora  linioata.  (Hall.)  (Fig.  5().) 
(Pal.N.  Y.,  Vol.  VI.,  p.  LSI,  Pis.  LV.,  LVI.) 

Distingnisliing   Characters. —  Branches    often 
diverging  at  anglcH  of  ninety  degrees,  diann^ter     fk*.  56.  Rhom- 
about  .()    mm.;     elongate,    oval,    distant,    cell  Natural  ki^n and 
apertures,   disiiosed   in  eight    or  niiui    longitu-  (afu-r  iiaii  and 
dinal    and    parallel    rows;    thin,    scarcely   ele- 
vated, peristoiiH*;   prominent  grannlose  ri(lg(»s  betw(»(»n  the 
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rows;    ridges  more  prominent    and   straight   than  in  the 
preceding. 

Found  hi  the  **  Hamilton  group,  West  Haralmrg,  Erie 
County,  N.  Y/'      (Hall,  explanation  of  plates.) 

Rhombopora  immersa.  Hall.  (Fig.  57.)  (Pal.  N.  Y., 
Vol.  VI.,  p.  185,  n.  LVl.) 

Distinguishing  Characters. —  Oval,  alternat- 
ing apertures,  disposed  in  longitudinal  rows; 
obsolete  peristomes;    prominent  longitudinnl 
ridges,  slightly  narrower  than  cell  aj^rtureB ; 
Fio.57.  Bhombo-  Comparatively  prominent  node,  ami  shaIlo>v 
12  (after  Hall  and  pit  at  base  oi  each  aperture. 

Found  in  the  *' Hamilton  group,  West  Ham- 
burg, Erie  County,  N.  Y."    (Hall,  explanation  of  plates.) 

Gkm's  ACANTHOCLEMA.     Hall. 

[Ety,  :    Acantha,  spine;  klemn,  twig.] 
(1887:  Pal.  N.  Y.,  Vol.  VL,  p.  72.) 

Bryozoum  consisting  of  slender  branches,  with  cylindrical 
cells  arising  from  a  filiform  axis  at  the  center  of  the  branch. 
The  oval  cell  apertures  are  in  longitudinal  or  diagonally 
intersec*ting  rows,  with  ridges  between.  Nodes  or  spines 
commonly  occur.  When  hollow  sj)ines  occur  between  the 
apertures,  the  space  below  is  occupied  by  tubuli. 

AcANTHOCLEMA  SCUTULATUM.    Hall.    (F'ig.  58.)    (Pal.N.Y., 

Vol.  VI.,  p.  190,  Pis.  LV.,  LVI.) 

Distinguishing  Characters. — Ridges  unite 
between  cell  aj)ertures;  vestibular  area 
rhomboided;  at  intersections  of  ridges  are 
prominent  conical  hollow  nodes;  when 
worn  or  macerated,  a  crescentic  opening 
appears  at  baseof  each  aperture;  branches 
J^a^„t"^r:^Z  flivergin}.-  at  an^-le  of  sixty  to  ninety  de- 
ia^K™e,^'T\riK-Vf:;",  g-fws;  diameter  about  .70  nnn. 

Iv  nmcmite<l  specimen.  T  OUlul    Ul     the         HamiltOU    gl'OUp,    WCSt 

showing'  iumU-s  ami  pits  ,-  ,  n    •      /i  .  x''     \-  *-       /it    il 

bt^tween     the   apertures  Haniburi»:,    KriC   LOUUtV,    A.    I.  (  Hall,  CX- 

(aftvr    Hall    and    Simp-  ^  •-  ^ 

son)  planation  of  plates.) 
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Okn-cd  STREBLOTRYPA.    Uuiicii. 

[Ktv,  ;  Strfliluii.  turnnl  about;  trypii,  opening.) 
[1890;   Oei>.  Surv.  111..  Vol.  VIU.,  p.  408.) 

Bryozotiui  i-eseriililing  Rhomliopora  in  structure  and  form, 
but  having  iingnliir  pits  between  tlie  eiida  of  tlie  apertures, 
and  irreguliir  cellx,  or  irienopore«,  in  the  inter-a[)erturtil 
spaces, 

Sthei!i,oti(VPa  lUMrr.TONK.NfiR.  (Ni^'holHon.)  (Fig.  59.) 
(Pal.  N.  v.,  Vol.  VI..  ]..  lin.  PI.  LV.) 

Dititiiifiuisliiitfx  Vlmrac.ters. — "Cells  tubular,  iirising  Wuia  a 
filiform  axis  tit  the  center  of  the  bninch  ..."  [This  char- 
acter would  place  the  sjjecies  under  Acan- 
thoclenia  (Htdl),  under  which  genns  it  was 
descril)e.l  in  Vol.  VI.,  Pal.  N.  Y.];  oval  cell 
Hpertui-ewin  longitndiiialparallel  rows, often 
alternating,  separated  hy  prominent  longi-  i^J^ii^„f^l^'"^f". 
tudinal  ridges;  ridges  usually  slightly  sinu-  ™L''r'^i."'i' 'iTfatter 
ous;  two  angular  pits  between  aiwrtni-es.       Haii siki simpiion>. 

Found  ill  tho  "Hiimilton  group,  West  Hamburg,  Erie 
County, N.V."  (Hall.)  Found  also  at  Avery's  Creek,  in  the 
shale  Ih-'Iow  the  Triioliite  beds  (rare). 

Gk.nts  FISTIJIJCKLLA.    Simi-son. 

[Ktv.  ;     fW»/.(,  pipe;  rMi.  wU.l 
(1SU4:    14111  liep't  N.  Y.  Stalu  G.-ol-,  p.  flOO.) 

"The  manner  of  growth  anrl  general  appearance  i«  the 
same  as  that  of  Lichenalia.  but  the  cells  ai-e  circular  and 
without   ]iseuilnBf|ita.  or  Junaria."     (Type 
F.phimi.  Hall.) 

Flsti  i.icKi.i.A  v\.\s\.  Hall.  (Fig.  (JO.) 
(Pal.  N.  v..  Vol.  VI.,  p.  21.-,,  PI.  LVIII.) 

Distiiif^iiitliiiifr  CliHr/irt)ir». —  Thin,  lam- 
ellate expansions,  inirusting  or  free:  cir- 
cular apertures,  n-guiarly  ov  irregiilai-ly 
disposed:  t-ircnlnr  or  elongate,  depi-essed 
niacnhe,  witliout  cells;  adjacent  a])ei'tnres 
slightly  la  I'gcr  than  thoseon  general  surface. 


1G8 

A  i^iti^ifle  fi-a^iiieiit  of  ii  fi'et-  from!  was  fniiiiil  in  tl«>  Dt'iiiissu 
l>e<l  of  Section  .">.  at  Eijrliteen  Mile  (Vwk. 


Gkms  FISTrLri'OUINA.    Simpsox. 

[  Kty.  :  FikI"!".  pipi'  :  /»■«■.«.  pore.] 
il>f»4:  Ulli  Hept  N.  Y.  Si.ili- Giol,.  p.  -ViT..  I'l.  XXI.) 
BryozouriH'oiisistiiijJioffrecoriniTiistiiiy; Hat  mill  spi-eailinp; 
frondt*,  or  <if  masses  made  ii]>  of  successive  layei-s.  The  cells 
are  tulnilnr  anil  ojien  by  cii-cnlnr  or  oval  «])eitni'es,  which 
are  furnished  with  f;:ranulai'  or  s|»iiiiiht8e  riiiis  or  iJerintonieti, 
and  are  int-giihirly  disposed.  The  spjiue  U'tween  the  cells  is 
occupied  Ijelow  by  irregiihir  vesicles  anil  near  tlie  top  by 
irri^darty  sti]  ten  in  posed  vesicles,  or  by  nicsopores  with 
tabiiljp,  S|Mice  l>eTHeeii  a]>erHires  occnpied  by  an^nlar  pits, 
and  often,  also,  by  nodes  <n*  s|iines.  lijisc  covered  by  strouf; 
epitheca.  The  -lenns  diffei-s  from  Fistnlij)ora  in  its  ciix'ular 
cell  a|>ertui-es.  ■  anil  in  the  absence  of  pseudosepta  and 
hinaria." 

Ulrichs  arenas  I'vclotrypa.  pnblished  in  Zittel's  Paheon- 
tology  (  KasTinan's  traii.slatiini  1,  p.  I'lii),  is  a  synonym, 
SiniiBion's  name  havin<r  priority  accordinjr  to  the  date  on 
the  title  page. 

FiSTiMi'oiiiXA  scKOHici  i..\T.\.  (Hail.l  (  Fi}r.  (>1.)  (Pal. 
X.  Y..  Vol.  VI..  p.  21l>.  PI.  LVIll.) 

Diatin^niahhifr  Chunirtt'rs. — Cell  ai>ertni-e» 

distant  fr<an  e.-icb  other  something  more  than 
their  diameter;  stroiijr  frramilose  penstonies ; 
arye  mesospori>s.  fii'tjnently  ecpml  to  cell- 
ipertnivs.  with  slightly  elevated  margins; 
argf  steiile  I  poreless  j  blotclies  or  niaculie, 
1  to  2  mm.  in  dianielei-.  ocrnr  at  intervals: 
adjacent  ajM-rtnres  not  lai'ger  than  others. 
Fcaniil  in  the  "Hamilton  gi-oiip.  Eighteen 
■">■  '     Mile  Crei-k.  Erie  Comily.  X.  V."     I  Hall.) 

FisTUUPOHix.v  8i:i.iin:e.vTA.  (Hall.)  (  Fig.  (12. 1  (Pal. 
N.  Y.,  Vol.  VIL,  p.  210,  PI.  IJX.  I 
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Fid.    m.      Flitullim- 


B  ill  their 


Distiiigiiiahiiiff  Chnractcrs. —  Thin,  liiniel- 
late   expaiiHion    ()f   fi'diidn;   uiuler  surface 
with  tliiii  cpithecii;  I»i-oa(!l_y  oval  or  ciini- 
lar,    irif.'fruliirly    dirtpOBwl,   cell    apertui-eH ; 
interHjHR-es  eqiiiil  to  or  f^i-eattr than  dlaine- 
tei-  of  ajKTture;  Htroiifi;,  diMtinet,  ninooth 
jieriKtoiiie;  com  para  tively  tartie  inenopoi-eH 
in  two  or  tlwue  serieM  between  apertui-ea,      I'i'^.x 
tlifir  iiiarjrinM  lower  than  the  pei-iHtoines ;       "    '"'' 
low,  riiiniiti'il  iiioiiticiileH,  Wewtitiite  of  cfll  aj)ertiirt 
center. 

Found  in  the  "(laniiltoii  f^roap,  at  Eifjhteen  Mile  Creek, 
Krie  Coiinry,  N.  V.,"  also  ''West  Hanibarj;,  Erie  ('ounty, 
N.  v."'     (Hall.) 

FiHTii.ii-oiciXA  MKHoiHutA.  (Hall.)  (Fig.  0.'!.)  (Pal. 
-N.  v.,  Vol.  VI..  p.  220.  [*Ih.  LVII.,  LIX.) 

I)i.itiuf^ainliiiif(Charm:ters. — Thin,  lamellate  expansion  of 
frond.  iiKTUstiiifT  crinoid  utenm,  etx:.;  vesiculose  intercellular 
tiHHae;  broadly  oval  to  nearly  circular 
irreji'ulnrly  disposed  cell  ai>ertureB,  with 
thia.  smooth  ix-ristomes.  ranj^inj;  from  con- 
tact toatell-dianieter  a|iart;  minute  nieso- 
pores  (about  ten  in  space  of  1  mm.)  in 
one,  rarely  two,  w'rics  between  ajierturcs, 
their  mai'fiins  eipial  in  elevation  to  the  [lei-i- 
stfinies:  j^x-ueral  delicrate  appearance  of 
sarfai-'c  of  frond. 

Found  in  the"'  Hainiltoii  gnaip.at  Eij^lit- 
een    Mile  (-reek,   Erie  County.  N.  Y."'  (Hall);    and  also  in 
the  "Hamilton    ni'()U|).  at   West    Hamburg,  Erie  County, 
\.  Y."    (Kxphiiiatioiiof  plates.) 

FtSTi  [.iroitr.NA  .MiNfTA.  ( Ui)miap:er.)  (Fig.  (J4.)  (Pal. 
N.  v..  Vol.  VI..]..  222,  PI.  iJX.j 

Di-^lirif-vishiiif!  ('Imriicltirn. — Thin,  lamellate  expansion  of 
frond,  wliicli  is  fi-ee  or  iTicrnKtiiig;  very  thin,  concentrically 
wrinkled  epitliec -a  ;  irivguhiily  diapflsed, comparatively  large 
vtwicles  occupying  the  iiiterc<'llular  space;  oval  to  obscurely 


•■•ilr-|i(ily(;oiml  irrefnilarlv  dL^po-j^I 

'-■■II     U[»<'rtiiivs,     with    mmlt^ratelv 

-B«  *  r^f  f  f  rr      nlroii);    iiihIdhc  or   spinulose   |ieri- 

w  Ai  i^\jj/\/      nHnm-n:  iiii'MO]K)it*'witli  niaivinsoi 

^^f  >TP  r%Wj      ntiiHc  iH-i^lit  iiHtlu-  iMTistonies,  with 

.  v'..'' .- 1  r')","'"'!';' "i"""'-!    •"'"'"•■  IH«1"'»»  "t   tlie  imjries:  h'w 

"'■'■' -  ""--J""-'  roiiiidcil  iiiDiiticiiIeK,  with  ajHrtiires 

i,..',  t).f  "i\''i\*-j:  UVf  I.linw  <»Ji  IIh-  n-Mt  <»f  tlif  fnmtl. 
J'/.;.')   a.  lit':    '  lliiiiiilloti  };i-iiii|i.  lit  \Vi.-8t  Hamburg,  Krk> 
v...'.     <    ')         lliiilLi'.vi.lmmlioiiof  platm.) 

ij.rj.j,.j«i<i.,i  i.i..nATA,     (Hull,)     (l-V.Or.)    (I'al.X.Y.. 
.'„    \(     j,   JliK,  J'l,  U\.) 

hi.^liii^iiityliiiin   i'liiinulfiK.  —  '^h'wi.  iiiaielliitf  expansion  of 
hn^irimu-   li'iinl,   lintrri' like  ji^iowlii   ( liijiitatf  expansion): 
^  .^   V-V'/l       '■lowlv     iinti     ini'giilarly     (Honietimm 
^^■^^A^-'i.       "'"iiii'wliat    ivtinlaiiyi    tUttpoHeil    oval 


^MtM/^i       a,«..lnr,..  wi.h  1 

■  ,*feW'«^";f*,       .l.-MilnliKTiHluni 


I  thin,  smooth,  slightly 
lunK-s:  itiinut*>nies<)pores, 
ally  ill  n  single  siTitf*  between  a()er- 
j.-(,j  i-..jii..i.  ..f'dr.  .iiii.i".  |.|ii-et*;  huaierons  stnai^'  conical  notleti. 
■  "'I™'"'  iii'rn|)\  inji  placiti  of  niesopoivw. 

I'oiiiiil  111  ihr  '  HaiiiilloM  u;ronp.  at  West  Kambur<r.  Krie 
l\nuii)     \    \  I  Hi. II.  I 

liiMs  I'Vl.KSrilAKA.      H.vi.i.. 

Il'.ik        /■.:■..,...,  .ui.i.iii    ..-.'-...■,..  ..■..r,  V.M-\Mr.i.  II -.■ini«.>r  Bry.iz.>a.] 
ill-. J.     Jiiil.   \i,n    i;,|.i  \    1     M-.i.'  Hiiv  N:ii.  Ilisi..  i>.  li»;.) 

■■/iiiiii iimsi;.init;  I'l   ihm  f\|'ansioiis  ii[cru<tinj|j  other 

lii.ilio  Trll--  i.iiht:.'!i;il.  111  ,«>iii:k-i.  wItIi  fiv-inent  inacuUe 
(III  iii..iiiKiil.'>>..i  l;ii-»-i   ,vlK   ■      ,ll:i!l.  I'al.  N.  Y..  V.>l.  VL. 

|.     \M.l    ' 

l\i  I-.  Kivi  i\i:  K.  M  !  V  II,-..:.  \..i  ■i-.nvi.t  i:W  Awn. 
It.'pi  \    \    N.  ,  .Mi..-      ■■    ■■ 

/'(a;  ,■,_,■..  ^  ;  ■..,■  ■  ■,,  .  ...;s  l-\-i-.  iii.i>  -iiiri.  incniistiu;; 
ovTit-is.  f  f,  -.  .•:.!,..■.     ■■■■u'l  i.:  ^    'li-    iui^oually   Jii*- 

l^v.(^i  r  ;.i.l-.f,.:;-i.;i'  -^.I'M;--.  ■;  ■'■'■■'^l^.  >;!i^i;it-L-  iiit):^i-!$titia] 
Mli*     ^'I'.vt.i.   •<::u'f   >   ■ici.iu-.i   -n.-iLrivMir^,     \  ixh    lar^Mr   wlls 
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in  the  center;  triangular  spinnleH  at  ant^Ien  of  cell  rims, 
80inetinie»  <in  MideM, 

Found  in  the  DeniisHa  anil  Stictoponi  bedH,  at  yection  5, 

Pai.kw'haha  KKTicri.ATA.  H)ill.  {Vifr.  iHi.)  (8<l  Ann, 
Rep't  X.  Y.  State  Geol.,  p,  <>,  1 

DiHtinffiiishirif^UInirnrtvrs. — Thin 
incrustation;   |)eiitat;onal,  liexatjo- 
nal,  or  <|na<lran^nlar  cellH,  ..'tr»  mm. 
in  diameter,  in  eontact,  and  vari- 
ouhIv  diHponed  ;  genwai  appearance 
of  surface  often  retienlate;  minute  ; 
interstitial  cells;   monticules  4- or  5  ' 
mm,  distant;  central    space    with 
cells  .4-.">  or  .50  mm.  in  diameter;   marginal  spinules  in  well- 
preserved  sjKrimens. 

Fomid  in  the  [Vmiswi  tied,  at  Section  5. 

pALKscriAHA  AMi'i.KiTK.Ns.  Hiill.  ( Xot  tigni-ed.)  (;td  Ann. 
Rep't  N.  V.  Stat«-  (ieol.,  p.  7.) 

DistiuffUiKiiiuff  Cli/inirfei's.  —  Extreini-ly  thin  incnistution, 
commonly  on  crin<iid  st^-ms;  quadrangnlar  to  licxagtmid 
cells,  '2  mm.  in  diiimcti'r;  minute  marginal  nodes  or  spin- 
ules; no  motif  icnles  or  luacuhe,  hut  cells  all  of  same  size. 

Found  in  the  Deinissa  bed,  at  Section  ~t  (rai-e). 

OcMs  MCllK.NALIA.    Haix. 

|P:tv.  ;  From  rcsynililiiiiee  U>  n  liclicii.) 
(inni:    I'lil.  X.  Y.,  Vol.  ir.  p.  171.) 

Zoai-inm  numHivf,  (»r  growing  in  circnlar  or  Hal)etlat« 
expansion.s,  cellnltferonH  on  one  side,  the  other  covered  witli 
an  epithecii.  i'r\ls  nrising  from  the  e|iithe(;n,  with  transverse 
talouhe.  iuid  rirciiliii-  or  trilobate,  sometimes  o[terculate. 
apertuH's,  which  nre  often  ilenticulate.  and  have  the  pos- 
terior |)ort  ion  of  the  peristome  iircheil  and  elevated.  Space 
lietwcen  apertiu-es  smooth.     Intercellular  s|iaceM  vesicular. 

LiCHK.SAi.iA    sTMi.i.ATA.     Hall.     ( E'V-  *'''A.)     (['al.  .\.  Y., 

Vol.  VI..  p.  i;r.,  I'l.  i.viii.) 


Distinguishing  Characters..— Fr^  or  iiicrUHtiiif!;  lamellate 
expansions,  or  maeses  formed  by  supeiposition  of  s 


eC*-  . 


la\ers  of  growth;  tubular  cells, 
recumbent  for  a  whort  distance,  but 
chieflv  at  right  angles  or  oblique  to 
sui-fate;  oval  or  nearly  circular 
cell  apertui-es,  usually  a  little  ob- 

'  lique  to  the  surface;  prominent 
I  ounded  monticules,  bea.i'in^  an 
elongate  depression  in  the  center, 
«  hich  18  <lest!tute  of  cells ;  large  cell 
apeitures  adjacent  to  the  depres- 
sions   radiating  rows  of  apertures, 

,  givmg  the   monticules    a  stellate 
appearance. 
Found  in  the  Demissa  bed  of  Section  5  (massive  specimeuB), 


Genus  STICTOPORA.    Hall. 

(1847:   Pal.  N.  Y..  Vol.  L,  p.  73.) 
[Etv.  ;  .Wctog,  piiDttured  ;  jkircii.  pore.] 
Bryozoum  consisting  of  thin,  flat  branches  with  a  lenticu- 
lar cross-section,  and  attached  by  a  spreading  base  to  for- 
eign objects.    Cells  in  two  series,  separated  by  a  median  wall 
or    niesotheca,    each    series 
gv  liaving  its  ai>ertures  on  one 

4m  of   the  flat  sides.     Margin 

^M  without  cells. 

M     0         Stictopoi{.\     ixcislrata. 
^A^    Hall.      (Tig-    <>'■)      (Pal- 
J^^    N.  Y..  Vol.  VI,.  p.  24-1.  PI. 
I  L-X.) 

•  Di^tinguialiing  Charac- 

sii^'HTi!ftt™Vi'i!«r™[BrL'^'nuf/"r  HuU  o"j       '^^^*"-  —   I'-loUgale      (iVul       tO 

8iiiii».m>.  nearly  eirculai'  upertui-es  in 

longitudinal  diverging  lines,  increasing  by  interstitial   ad- 
ditions;   marginal    apertures    largest;    perl-stomes  strong; 
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ranj^  of  niwrhii-es  separated  l)y  lonji^tiidiiin!  rulgee,  wliich 
ofteii  coiitimio  out  on  the  non-felluliferous  Hpairew. 

Founil  ill  tlie  Enmiiiil  limestfme  ( raiv);  in  the  Stietiipoiu 
l)ed,  at  Section  Tt,  etc.  (alitnidant) ;  tii  the  DemiBHa  bed  {com- 
mon); in  tin- fthaie  down  to  and  in  the  Plenrmliotinm  beds 
and  the  tihalert  beh>w,  ut  Sections  ."»  to  S;  and  on  the  Lake 
Shoiv  niid  in  Avery's  Tiivk  (often  nbundtint). 

Stutoi'oka  BixrosA.  HsiH.  (Fi^.  08.)  (  Pal.  N.  V..  Vol. 
VI.,  p.  247.  PI.  LXr.) 

Itistiiii^nishhif^  ( 'lianicU'iv. — Itroad- 
h'  oval  to  nearly  fii-<-idai-,  diMtaiit, 
n])ertni-eH :  stront;  jK'ristonio*,  more 
elevated  on  (mstericn-  part;  stroiif;, 
Hiniious  interrnpted  nd;j;eH  Ixttwecn 
thea|«M-tni-es.  ,*■;;';■,; 

Fonnd  1  wo  feet  bdow  lo^ewt  I  ido     '"  "" 
bite  Iw-d,  in  Averv'H  (  i-ejk  (ont   s|i[(nn(ii) 


StICTOI'OII.V    KKfTV 
(Not  fif^un-il.) 
JUstiiiffiiiKliiiifj    f  li  1 1  H 

ferx.-WidtJi  of  bian  h< - 
from  1  to  l.iT.  mat  {  ai  d 
lei  margins;  nn  expansion 
befoic  l>ifnr<-atiajj;  nniiow 
ni-  olmoK-le  non-r*  llnltf 
eroUH  Mjiace:  bifmyalinns  it 
intervalH  of  aboni  b  mm 
braaclien  divci'tjrnjr  at  tn/rlf 
nf   forty-live    de^m.  s      .nai 

lei  loa^riliirliiial  rou^  m].i 
rated  by  lei^s  lliau  lui^th  <'l 
ajHTtareK:  proiaiacnt  /lan 
idoMe  oi-  noduh.s.  n<Ui- 
Me]Miratia;r  rows,  eipial  in 
(jiientiy    nljscnrint;-    tli  ni . 


Hall     iTal    N   \     \ol  \!     p  J.' t  ) 
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Found  in  the  "HaniilTon  group,  at  West  Hambiirfi;,  Erie 
County,  N.Y."     (Hall.) 

Stiotopora  palmipeb.  Hall.  (Fifj.  69.)  (Pal.  N.  Y.,  Vol, 
VI.,  p.  255,  PI.  LX.) 

Distinguishing  Chararter8.—  iima\i  size;  intermediate,  lat- 
eral, palmate  branehefl  or  lobed  expansions  between  regular 
bifurcatione,  not  over  1.50  mm.  long  by  1  mm.  wide;  oval 
apertures;  slight  periBtomes;  strongly  nodose  longitudinal 
ridges. 

Found  in  the  "shales  of  Hamilton  group,  at  West  Hain- 
bui^',  Erie  County,  N.  Y."    ( Hall,  type.) 
Sticjtopoha    permargixata.      Hall.      (Fig.    70.)     (Pal. 
,  Vol.  VI.,  p.  258,  PI.  LXIH.) 

Distinguishing    Characters.— }^nvrow 

or    obsolete    uon-eelluliferous  margins; 

oval  cross-section;    thick  peristomes  of 

„  irr^ularly  scattered  opertui-es;  absence 

^C^IyLi  of  ridges. 

"^ "    *    '  Found   in  the  "Hamilton  grou|),   at 

West    Humbui'g.    Erie   County,  N.  Y." 
(Hall,  type.) 

(jKxi-8  T,li;NI()PORA.    Nrhoi.so.v. 

[Et*,  :     Tuiiiiii.  ribbon;  imiia.  porc.] 
(1874;   Ocol.  Msg,  I»nil.  N.  S-,  V»i.  I.,  p.  120.) 

Bryozoum  consisting  of  nnrrovv  flattened  branches,  which 
are  often  rhombic  in  cross-section.  Colls  on  both  sides,  with 
rounded  ii[)ertnre8.  In  the  center  theie  is  usually  a  promi- 
nent longitudinal  keel,  while  the  cell  H[>eitni-es  ai-e  more 
prominent  tluui  in  Stictopora. 

T,i:nioi'ora  kxku  a.  Nicholson.  (Fig.  71.)  (Pal.  N.  Y., 
Vol.  VI.,  ]..  2(;:i.  Pt.  LXII.) 

IHstiiigiii!<hing  6Vj/i./'acfc/x.— Comparatively  wide  non- 
ceiluJiferous  margin;  sti-ong  central,  and  simitar  hitenil 
(hninch)  ridges;  minute cireuhir  apertuivs;  prominent  peri- 
stomes. 


Foiiiul  at  "WeHt 
H  a  III  It  11  r  >!; ,  Erie 
Coiiiity."  (Hull.) 
Fouiiil  aUo  ill  tlie 
Sticto|.oin  ,111(1  l)e- 
iiiiHHU  IhmIk,  lit  Sec- 
tion .'),  Eifjlittfii  Mil*- 


Gkmm  ACKOOENIA.     Hai.i. 


[Kti 


Hlmrp;  griu^n,  growtli,] 

Vol.  X..  i>,  IBS.) 

•«■,  proliferous;  ( 


(IKHl;   Trims.  Allniiiy  lust. 

■Zouriiiiii "  (Ilrvozoiiiii)  "raim 
of  Huttened  liniiurhew,  two 
proceeding  from  tlie  truucHte 
terminntioii  of  tlie  previoun 
one,  iiii<1  coil  tinning!;  growth  in 
tlie  Niiiiii'  iiiiiniier.  Itrniiclies 
Htrinrefl  lielow.  flattened  and 
cellnlifeioiiH  above.  Iiiter- 
celliitiir  stnietiire  veMi<-iiIose. 
Ap<'rtiii'es  arniiiffcd  in  loii^i- 
tiKliiial  rows."  iIIhII.  Pal. 
N.  V..V0I.  VI.,  p.  x.x.) 

AclKHi  lO.VI  A  I'KOI.l  ri:i{A. 
Hnlt.  Il-'in- 72.)  {I'al.  N.  v., 
Vol.  Vl..p.  2(i7.  I'l.  LXIII.) 

Dintirigiiit^hinfi-  ( 'litimctars.— 
recnliiM-  f;r-ou-tluiiid  jointure: 
Haiall  liiculiir  niiertni-eH;  weak 
IH'riHloTncs:  jironiiiient  luiia- 
Ha  :  eonliiuioiisridg<'SMep!tral"-  .  i-i.i.|S.  ,i.t'w.i:'i  ;'r.. 
iiitraiM'i'lnn-w.  H.i.i'sirinw.iu. 

iMiniid  in  llie  ■■  llaniilfoii  t!;ron]),  Eiy;lite«'ii  Mile 
<'onnty,  N.  V."     i  Hall,  explanaHon  of  plates.) 
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GuNUS  PTILODICTYA.    Lonsoai.e. 

[Ety.  :     PtiUm.  fenllier:  ilictg-n.  net.] 
<1839:   Miirr-liimn's  Siluiinri  Sjslcin,  p.  e'H.) 

"Zoarium"    (Brvozoiiin)    ■■pointtjd    below,   ni-ticiiliitinf; 

into  a  spretMlint;^  base;  iibove,  a  leaf-like  expurisum,  which  i» 
Hoiiiet  lines  lobed  jit  the  diKtal 
exti-eiiiity,  t-ellnliferous  on  both 
facew,  divided  b_v  n  mesial  laniiiiH. 
Margin  without  fells.  Ai>ertiii-eH 
cirunlar  or  siiNniniirate,  Xo  iii- 
ttTcelhilur  tihsiie,  tdthoiifrh  Kome 
8])ecies   hIiow    minnt*'    iuteraper- 

u™i^i^  aij'^'SKi"  o('™rf»,^^r^"n"  ^uial   pits  ov  tiibidi  on  the  sur- 

N.  Y..  Vol.  VI..  pp.  xix..  XX,) 

Ptii^odutya    I'l.LMKA.      Hall.     (Fig.  7;{.  I    (Pal.  N.   V.. 
Vol.  VI.,  p.  271,  Pt.  LXI.) 

Distingakbuig  Charavtvm. — I'^lattfiied  wedge-shapetl  form ; 
oiiTiiiar /)!■  broadiv  oval  apertui-es;  obsolete  peristomes;  ele- 
vated, frrannlose.  interapertin-al  spaif :  low  convex  nKmti- 
ciiles.  with  soiTiewliat  larjrei'  ajwitiireM;  striated 
cvlimlrical  basal  pnitioii. 

Found  at  ■■  Hanilnng-on-the-Lake.  Eiie 
Coniitv.  N.  v."  (Hall):  and  in  the  IVmissa  l»ed, 
at  Se<tii>ii  .".  in  Ki-rhtefii  Mile  Creek  (raifl. 

(iKMs  (ILArrn.NOMK.     (ioi.i>Kiss. 

[Ktv.  ;  MylLoloLTinil  ii;u.i.>,] 
il8->«:  fnivtiiciii  OmiiniiLv.  Vol.  1..  p.  1IM).I 
"Zoaiinni  cinisisting  nf  a  main  stemorrneliis. 
from  wliii-li  pi'(H(fil  siiuiilf  latfvai  braneheM  nt 
n-irnlar intervals. anil  ori-a.-iionallybniiieheslinv- 
iiiir  til--  >;inie  mamuT  oi*  growth  as  the  primary 
riu-lii-^:  rilliilitVrons  i.n  one  side.  Cell  ajiertitreH 
in  tw.i  ranges,  oltfti  sejiarated  bya  longitudinal 
i.arina."     i  Hall.  Pal.  N.  Y..  Vol.'vi..  p.  xxiv.l 
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(l--in'.  74-1     il'.il.  N.  v.. 


liI,Alil(IM).M[';     lAKlNATA,       fill  1 1- 

|Vol.  VI.,  p.  L'78.  I'l.  LXVI.) 

DiiitUiguish'nif!:    Cbnrii<-tMv.—':^\i\}\\\    hizc ;     IriDiid    tviitriit 

krachis;  tliin,  slitn-t,  laterul  brHTU-hL-B:  tliiiUnocl.  lum-eplliilif- 

BjeroU8  fut-e,  with  thi-ce  |iit>iii incut  riclgen  (ir  carimp;  rirculni" 

r apertures;    compiiriitivHly    Mtrcmg   inn-istdiiies;     proiiiiiu-iit 

i-arina  between  rank's  nf  )i]>*'T-tiir('s. 

Foiiiiii  ill  the  "llnmiltmi  (ir<)ii|).  in  Kif-lilmi  Mil.-  Cm-k. 
.  ErieCauntv,  N.  Y.'     (  Hall,  typcM 


Gknits  HOTHYI.LOPOUA.    Xicholsdn. 

]Etv.:     Hvtrgltaii,  dusltT^  poiim.  pore.] 
(1874:   Oeul.  Mug.  N.  S..  Vol.  [.,  p.  Ifll),) 

Biyozoum  coiwiHting  of  maal)  disctiidal  hoilitv,  ivliiili 
roccar  eithfi-  Riii^'y  '^'*  '"  (■iiint*'rs,  ami  tulhere  to  foivign 
I  budieH  by  tlieir  umler  tmi'ftu:*?,  wliicli  is  eovered  hy  a  onii- 
l  centriailly  wiiiiklcil   i'])itliei'a.     The  wUk  iin.-  tnlailar  anil 


ing  null- 


j  rcPtaiigiilar  to   tlic  Hiirfiii-( 

'  utilig  ritlKt'K.  Tent  ml  de- 
pressed HpiH-c  (if  the  liorly 
Joii-celliiliferous. 

BOTKYI.I.dl'OltA      HOtIA  [,1H. 

Nichi)lsoii.  I  riji'.  ~T,.}  ( I'jil. 
t^.  Y.,  Vol.  VI  .  p.  2s:.'.  I'l. 
llAlV.) 

Distirif^iiisliififf   Chnrnr- 
-Alt*^niate  ritlfP'H  ex- 
EendiuK     tn     it^ntrtil    urea.       ,.(''■  c;!iJ.'y'"nii''w7i  7^iur''mn",i!"i 
>therBorn>-lialttot\vn-thirtls         "ip*""'- 

tUmt  distaiiL-e;  iiiiiiiilf  fircalar  apertun's  otteii  in  eontiict  nr 
bowulating. 
Pound  ill  tlie  «li(ile  l»nlinv  tlic  Tnlal>it«  beds,  in  Avery  r 
wk,  and  on  llie  l.aki-  Shore  (nut  coniinon).     neini^nu  bed, 
^t  Sectiiin  ."i  (niiv). 
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■DdSta^ 


(iEM8   REPTARIA.     ROLLE. 

IEtt.  :  Rrpto.  to  creep.] 
Il6->1 :   LeoDbaid  and  Btodd.  Xcum  Jalirbucb.  p.  190.) 

Bryozoiini  ci-eepiiip  and  adher- 
iri};:  to  foreign  InxJieH.  A  central 
stem  or  racliis  gives  off  lateral 
tubet*.  and  at  irregiilar  intervals, 
branclies.  The  tnbes  are  slightly 
sinuous  and  nearly  parallel  with 
the  rachiw  l)elo\v.  but  farther  «p 
they  diverge  more  and  more. 

Rept.\ria  STOI-OMFEKA  . 
Rolle.  (Fig.  70.)  |PaI.  N.  Y.. 
Vol.  VI..  p.  274,  PI.LXV.) 

Huitinguishing  Charaetfrs.  — 
Incnisting  habit;  equal  lateral 
tubes,  of  similar  length;  slight 
annulations  of  tulws:  last  cell 
terminal. 

Found  in  the  Demisea  be<l.  at 
rrpfano  ttoioni/en.  Fr.«Hi   Sectiou  "}.  attached  to  an  Ortho- 

(•nhooena.   muunl   siir ; 

« >ii/i«- luu  «-era.-i  I  one  specimen  I. 


Ge.vls  HEDERELLA.    Hall. 

[Etv.:  //i./.r„.  ivy.] 
(iwi:   Traits.  .\llMiny  Inst  .  Vul.  X..  p.  IW.i 

''Zoariiim  jiarasitii-,  consisting  of  o  tilifurm  tuliulnr  axis, 
with  o]»posite  or  alternate  lateral  budding  of  simple  tubular 
O'lU:  also  f>i  lateral  extrusions,  continuing  in  the  same 
iiiiinii'-r  of  ;:r'i\vtli  as  tlie  initial  axis." 

lli:iit:i!LLi.A  lANAiiE.Nsis,  iNicliolsoii.  I  ( Fig.  77. 1  (Pal, 
N.  v..  Vol.  VL.iM'TT.  I'l.  lAV.i 

Di.-riii^iii.<}iiii^  Oinrmtirs.—  j^iib-cylindm-al  cell  tubes. 
tniiisvt-r>'-  .■j_-'tion  uvnl;  mln's  usually  altfrnating:  tubes 
*:'\^\^^tv  in  <<'i:iai-t  with  innin  a\is.  or  diverging  from  it; 
gt-ntTiil  ].r"Jiti--  dt.'V<,-lo]iinent  of  tultes. 
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Found  incrusting  brachio- 
pods,  in  the  shale  four  feet 
below  the  lowest  Trilo- 
bite  bed,  in  Avery's  Ravine 
(rare). 

Hkdkkella  filiform  is. 
(Billings.)  (Fig.  77A.)  {Au- 
loponi  filiformis.  Billings, 
Can.  Journ.,  Vol.  IV.,  p.  119. 
Pal.  N.  Y.,  Vol.  VI.,  p.  278, 
PI.  LXV.) 

Distinguishing  Characters. 
—  Parasitic      procumbent 

habit;  attached  for  its  entire     ^,^  „    ^^^^^^^  canadensis,    a  frond 
lengtJi;     elongate    sub-cylin-  X-^,«{^;,,-;^^^^^^^ 
dncal  [)rimary  axis,  with  lat- 
eral simple  tubular  cells,  and  occasionally 
tubular    branches;    sinuous   or   tortuous 
character  of  cells,  with  apertures  abruptly 
turned    outwards;    cell  tubes   of   greater 
diameter  and    less  length  than  //.  cana- 
densis. 

Found  incrusting  shells  and  corals  in 
the  Hamilton  group  of  p]ighteen  Mile 
Cri*k.    (C.)!!.  An..  Muh.    Nat.    Hist.  New   A^^'.'^'^^^i^T. 

\i\rAj'  \  ""'^  enlarged,  x  fl  ( after 

^  *^'  *^  •  /  Hall  and  SlrnpHon). 


Clash   Bkaciiiopoda.    Cuviek. 

TIk;  Brachiopoda  are  marine  animals,  sparingly  represented  in  the 
modern  seas,  but  most  proliflcally  developed  in  the  Palieozoic  and  early 
Mesozoic  waters.  The  soft  ])arts  are  enclosed  in  a  bivalve  shell,  for 
which  reason  they  are  often,  though  erroneously,  classed  with  the  Mol- 
lusca,  their  true  athnities  being  decidedly  with  the  worms  and  Polyzoa. 

The  valves  of  the  bracliiopod  shell  are  dorsal  and  ventral,  and  not  right 
and  left  as  in  the  lamellibranch  Mollusca  ;  they  are  unecjual,  and  each 
one  is  symmetrical  with  n-ference  to  a  median  line  ( longitudinal  axis) 
drawn  through  its  apex.  The  larger  valve  (in  most  species)  has  its  beak 
variously  truncated,  or  furnished  with  an  opening  or  foramen,  for  the 
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emission  of  the  rteshy  '' jitMdf"  by  means  of  which  the  animal  fixes 
itself  to  rocks,  shells,  or  other  substances.  * 

Certain  genera,  such  as  Crania,  do  not  conform  to  this  general  metho*! 
of  fixation,  but  cement  their  shell  directly  to  the  foreign  object,  while 
others,  e.  g. ,  Pholidnps.  appear  to  have  led  a  free  existence.  In  many  of  t  he 
discinoid  genera,  such  as  Orbiculoidea.  etc..  the  peilicle  passe<l  through 
an  opening  in  the  lower  valve;  while  in  Lingula,  the  pedicle  protruded 
between  the  two  very  nearly  equal  valves.  In  all  cases  the  valve  giving 
emission  to  the  pedicle  is  spoken  of  as  the  jiedirU  ralre  (ventral  valve 
of  many  authors,  dorsal  valve  of  some). 

The  opposite  valve  in  the  more  specialized  genera  Ijears  on  its  interior 
two  short  processes,  or  rnirn,  which  arise  from  the  hinge  plate.  To 
these  may  be  attached  a  calcareous  ^'bra^hidinm"  which  functions  as  a 
support  for  the  delicate  fleshy  **arms.'*  In  a  large  number  of  forms  this 
brachidium  is  al>sent.  and  the  fleshy  arms  are  directly  supporter!  by  the 
crura,  but  their  relation  to  tlie  valve  in  question  is  similar  to  that  obtain- 
ing in  the  brachidium-bearing  forms.  This  valve  is  designate<I  the 
*"hrarhiiil"  valve  (dorsal  valve  of  manv  authors,  ventral  valve  of  some  >. 

m 

In  all  the  forms  in  which  the  valves  are  articulated  with  each  other 
( Brnrhioptuhi  nrtirulata )  such  articulation  is  pnj<iuce<l  by  Udh  arising 
from  the  pedicle  valve,  and  lo<igeil  in  utM-k^U  in  the  brachial  valve.  The 
Ijeak  of  the  brachial  valve  is  comnionlv  fumisheil  with  a  more  or  less 

m 

prfinounced  "  r^irffi/ml  pntr^j^i,"  which,  at  its  free  end,  presents  a  surface 
for  the  attachment  of  the  flidnetor,  or  opening  muscles,  the  opposite  ends 
of  which  are  attarhe<l  near  the  center  of  the  pedicle  valve,  where  they 
often  leave  pn^inouii<e«l  «^///*j».  A  contniction  of  these  muscles  pulls  im 
the  cardinal  proi^-ess.  whir-h  pull,  as  it  is  exerte«l  fntihtd  the  plane  of 
articulatiun.  will  dmw  the  l)eak  of  the  brachial  valve  towanl  the  interior 
of  the  iK*<licle  valve,  and  thus  caus^*  a  separation  of  the  valves  at  the 
fiitut  or  opjxisite  end  from  the  beak.  A'hhittor  tnnn^Uif  passing  from 
valve  to  valve,  ami  also  commonly  leaving  scars,  close  the  valves  again. 4 
Below  the  canlinal  process,  and  <iften  merire*!  with  it.  is  an  elevatiil  hinge- 
jA^U,  whose  surface  often  siTves  f<»r  nuiM-ular  attachment. 

Beneath  the  Ijcak  of  each  valve  frequently  tK^ours  a  flat  ''oinlinnl 
artn."  lK»unded  alK-»ve  by  the  oinUiml  ulnfHH,  ami  iK-ltiw  by  the  articulating 
margin  or  hingr-line.  This  area  is  commonly  divided  in  the  tvnter  by  a 
triangular  fissure  nhUhyrhim  in  the  pe<lirle  valve,  and  rhilynnui  in 
the  brachial  valve*.  This  <xcnrs  also  in  geneni  where  no  ""areti'*  is 
present,  e.  g..  (*ryiit*m*thi,  Athijri»,  etc.  It  is  conunoiily  cnvere<l  either 
by  a  single  plate,  or  by  two  plates  which  j«»in  in  tlie  center.  These  an* 
ihe  Mtidi'tii*  or  i>*iU^Jf  ji^'if'  in  the  petlicle  valve,  when  single,  or  the 
dtUidiol  jifuttJij  when  double,  and  the  ''fiih''h''i,o  in  the  bnuhial  valve!* 


•This  f<"»raiii»-n  fiv^iu»*ntly  >»»'o«»m*^  ••friiil*'t»*  in  maiur"  i»r  i»M  sli»'ll>  hy  the  deposit  ion  of 
•eooodary  cak■arwHl^  inaitTial  li^low  it. 

ilnthe  Inaniriilnt*'  jr*-!!**™.  i.  ♦•..  Liiijrula.  «^rl>ioul.»iil«''a.  "to  ,  a  iiior»*  o>ni|tlioated  nius4-ii- 
lar  system  existK.  tiy  int^aiis  ••f  whirii  th<-  \alveH  can  \*e  |>arMally  r<>tat<il.  aiui  thus  tjeparatetl. 

tin  r>rf>i«'ul«ii*l**a  th»*  trian^nilnr  fissurf  it  a  f^.-itur**  "f  »*arly  irr.»\vth  •>nly.  Iieinfr  in  the 
later  staieeii  ckwHil  tielnw  l>y  thf  >.T«>wth  of  th»'  >hfll.     A  >»*it>ni|ary  plate,  or  '  Ustriuiu."' 
covers  the  aii»*rtiir»-  !»**neath  th»*  *»-ak. 


€•-  — 
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Tlie  importurit  surface  features  of  the  shell  are  :  the  lines  of  groicth, 
the  radiating  pliattioHS  or  stnationti,  the  fold  or  medial  elevation,  and  the 
tnnus  or  medial  depression,  the  fold  commonly  occurring  in  the  brachial, 
and  the  sinus  in  the  pedicle,  valve. 

The  following  diagram  represents  the  principal  features  of  the  shell, 
and  gives  its  orientation. 

Note. —  For  an  account 
of  the  anatomy  of  the  ani- 
mal,  any  textbook  of 
zoology  may  be  consulted. 
Zittel's  text -book  of  Palae- 
ontology (Eastman's  trans- 
lation) is  standard.  For 
the  best  account  of  the 
animal  and  the  shell,  as 
well  as  detailed  descrip- 
tions of  the  genera,  the 
student  is  referred  to  the 

aomirauic     nana -uook     or  „^i  ^^^jg  marline,  the  height ;  (  C\  I) )  Transverse  axis 

the  Brachiopoda,   by  Hall  marking  the  whith;  (/?)  anterior  (front ) end;  U;  po«- 

,    _^,     ,               .  ,    "i        .  terior  or  l)eiik  end  ;  (ar.\  cardinal  area;  (b)  beak 

and  Clarke,   entitled   "An  t  or  umbo  » ;  (Br.)  brachial  valve  ;    ( car.  si)  cardinal 

intrnfliir>twm   tntliP    Qtiwlv  Hlope«  ;(  ce  )  cardinal  extremitlen  ;  (dW.)  delthyHum  ; 

iniroflUCllon   lo  ine    SlUU}  ^^^^  mesial  fold  of  brachial  valve  ;  (  hg.)  hinge-line  ; 

of   the  Hrachiopoda,"  and    ( Pfd.)  oedicle  valve ;    ipl.)  plications;    (si.)  mesial 

--.--.       ,  -    sinus  of  pedicle  %'alve.    cOriginal.) 

published  m  the  reports  of 

the  State  Geologist  of  New  York,  for  1891  and  1893.  Vol.  VIII.,  Pts.  I. 

and  II.,  of  the  Paleontology  of  New  York,  should  also  be  within  the  reach 

of  the  student. 

The  specific  descriptions  will   nearly  all  be  found  in  Vol.  IV.  of  the 

Palieontology  of  New  \''ork,  and  for  a  more  detailed  study  that  volume 

should   be   consulted.      For  classification,    synonomy,   and  distribution 

consult    "A   Synopsis  of   American   Fossil   Brachiopoda,"    by   Charles 

Schuchert.     Bull.  87,   U.  S.  G.  S.     In  the  preparation  of  the  following 

brief  descriptions  the  above-named  sources  have   largely   l)een  drawn 

upon. 

BRACHIOPODA  INARTICULATA. 

(iKNia  LINGULA.     BuuciUiicHK. 

[  Ety.  :     Li/igula,  a  little  tongue.] 

( 1789:     Hist.  Natur.  des  Vers  Testaces.     1892:    Pal.  N.  Y^, 

Vol.  VIII..  Pt.  I.,  p.  2.) 

Shell  with  the  valve.s  nearly  ecjual,  and  varying  in  outline 
from  elongate-ovate  to  sub-triangular,  always  longer  than 
wide.  ValveH  arched.  Animal  attached  by  a  long,  inu.scnlar 
pe.liele,  which  protrudes  from  between  the  beaks  of  the  two 
valves. 
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LiNGULA  (Glossina)  leaxa.  Hall.  (Fig.  79.)  (Pi\l. 
N.  Y.,  Vol.  IV.,  p.  9,  PI.  II.) 

Distinguishing  Characters.— ^\ze\    robust  character; 

pointed  posterior  (  l>eak)  end,  with  sides 
gradually  sloping  outward  for  two-thirds 
the  length ;  rounded  anterior  end  ;  some- 
what gi-eater  convexity  near  the  beak 
than  near  the  front;  fine  concentric 
growth  lines  and  occasionally  faint  radiat- 

Fio  79.    Lingvlaleanf*,    ... 
Ventral    valve,     natural    lUg  llUCS. 

This  Sj^ecies  was  found  at  Section  7. 
between  eight  and  fourteen  feet,  and  at  twenty  feet,  below 
the  Encrinal  limestone. 

Measurements. — 12  bv  9  mm.,  also  13  mm.  bv  10  mm.  in 
greatest  length  and  width. 

•   LiNGULA  DELIA.     Hall.     (  Fig.  80.)     (  Pal.  N.  Y.,  Vol.  IV., 

p.  12,  PI.  II.) 

Distinguishing  Characters.  —  Length 
about  twice  the  width;  abruptly  sloping 
cardinal  margins;  gently  curving  sides: 
rounded  front;  fine  lines  of  growth,  and 
occasionally  coarser  concentric  lines;  a 
NatS^su^'Xom  Hall'    J^^^diau  loiigitudiiial  depression  appears  in 

one  valve,  marking  the  position  of  a  septum. 
Found  in  the  Demissa   bed,  at  Section  o:  ten  feet  below 
the  Encrinal  limestone,  at  Section  7;    and  twentv-five  feet 
below  the  Encrinal  limestone,  in  Idlewood  Ravine. 

LiXGrLA  SPATI'LATA.  Vaiiuxeiii.  (  Fig.  81.)  (  Pal.  N.  Y., 
Vol.  IV.,  p.  l:].  Pi.  I.) 

Distinguishing  Chnmcters. —  Small  size,  spatu- 

late  form;   general  form  and  proportions  similar 

to  preceding,    hut    very   much    smaller;  outline 

somewhat  variahle :  occasionally  acutely  pointed ; 

fine    concentric    <:T()wth-hnes:    occasional    faint 

Fm.xi.   Lin-   ivuliatiiig  stria'. 

SQiar^i.'*'x^4;       Found  in  the  Ui)per  Naples  (Gardeau)  shales 

(Originai.f      '  Oil    the    Lake    Shore;    in     the    Lower    Naples 
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(Cashaqua)  shales,  at  Section  1 ;  in  the  Genesee  shale,  at 
SeetionH  1  and  2,  and  on  the  Lake  Shore;  in  the  Styliolina 
band,  at  Sections  1,  2,  3;  in  the  Demissa  bed,  at  Section  5; 
and  between  twelve  and  fourteen  feet  below  the  Encrinal 
limestone,  at  Section  7. 

Measurements  of  a  very  large  individual  were  6  mm. 
long  and  3.5  mm.  wide.    Usually  they  are  much  smaller. 

Gknus  OUBICULOIDEA.    D'Orbiony. 

[FIty.  :  Orhicnla,  a  genus;  oides^  like.] 

(ISoO:     Prodr.  de  Paleont,  T.  I.,  p.  44.     1892:    Pul.  N.  Y., 

Vol.  VIII.,  Pt.  I.,  p.  120.) 

Shell  varying  from  nearly  circular  to  almost  elliptical  in 
outline,  the  valves  unequal;  apices  eccentric;  lower  (])edicle) 
valve  fiat,  or  nearly,  so;  a  narrow  pedicle  furrow  passes 
backward  from  just  behind  the  beak,  and  ends  near  the 
margin  In  a  short  tubular  sipho,  which  penetrates  the 
shell  and  emerges  on  the  inn(T  sides,  near  the  margin ;  upper 
(brachial)  valve  conicfU,  aj)ex  directed  backwards;  surface 
marked  by  concentric  lines  of  growth;  shell  substance 
partly  corneous. 

OKnicuLC)ri)i:A  mkhlv.  Hall.  (Fig.  82.)  (Pal.  N.  Y.,  Vol. 
IV.,  p.  20,  PI.  II.    Discinn  wedin.) 

Distinguishing'  Clinracters, — Size ;  broadly  elliptical  or 
nearly  circular  outline;  (lej)ressed  brachial  valve,  with  apex 
at  one-third  the  distance  from  the  pos- 
terior margin;  pedicle  furrow  commonly  y^j--^ 
in  the  longitudinal  axis;  tine  n^gular 
surface  stria^  ^,^^,  „.,    ^,,,,„,,,^,,, 

Found  in  the  upper  Moscow  shales  -j^;- ^.^^--j-j/X^^ 
(transition  shales),  at  Section  3;  in  lh(^  """'• 
middle  Moscow  ((>.  nioflin)  bed,  at  Sections  4  and  5;  at  ten 
feet  below,  and  betwcHM)  fourtf^en  and  seventcHMi  f(*et  below 
the  Encrinal  limestone,  at  Si^ction  7;  and  in  the  Modiomor- 
pha  8ubnlatn  IumI,  on  the  Lake  Shore. 

OuBicuLoiniOA  noiHA.  Hall.  (Fig.  S:5.)  (Pal.  X.  Y., Vol. 
IV.,  p.  19,  T>l.  11.) 


ISt) 
Gexus  CRANIELLA.     Okhlert, 

[  Ett.  :     DiminuUve  of  cranio  ] 

I  18B8:   Bull,  lie  In  Soc.  d'fetudes  Scienlif.  U'Angers.  p.  87.     1892;  Pal.  N.  T.| 

V.il.  Vin.,  Pt.  I,,  pp.  !.W,  ITD.) 

SheD  Boinewhat  irregulnr,  with  an  outline  varying  froqi 
neni'Ij  circular  to  almost  qun.dranjj;ular;  no  pedicle  openinjf 
but  lower  vdive  cementvd,  by  its  whole  siirtiice,  to  roekt 
or  other  shells;  upper  valve  moi-e  or  less  elevated,  aped 
behind  the  center ;  four  large  adduct<)r  muscle  impressions 
one  pair  near  the  center;  outside  of  these  lie  S-ahaped  vai 
cular  impressions. 

Craniella  nA.Mir.TOM.*;.     Hall.     |  Fig.  S7.)     (  Pal.  N".  Yj 
Vol.  IV.,  p.  27,  PI.  III.) 

Diatingnifiliiiig  Chamcters. —  Large  size;    adaptation 
surface  on  which  it  is  attached ;  irregularly  rounded  otitlln^fl 
and  concentric  lines  of  growth  about  an  eccentric  apex. 


Found  in  the  coral  layer  of  the  Moscow  slmle,  at  Sect^ol 
5  (?)  and  just  above  it;  also  in  the  Stictopora  and  I 
beds,  at  Section  5 ;  in  the  shale  below  the  A.  spiriSroides  h 
and  two  feet  bi'low  tlie  Trilobite  beda,  in  Avery's  Creek, 

Genl-8  PHOLIDOPS.    Hai.l. 

[Ett,  :     Phnli<loi,  a  scflli!.] 

{I85B:  Pal.  N.  Y.,  Vol,  HI.,  p.  48B,     1803:  Pul,  N.  Y.. 

Vol.  VIII.,  Pt,  I..p.  155.) 

Shells  small,  with  equal  valves,  patella-like    in    oatlin^ 
they    are    inarticulate    and    unattached,    without    pedicH 
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Bon  uf  apex  x-ariable;  theeiiges  of  the  valves 

e  flattened  where  thejjoin,an(]  on  the  interiornre  elevated 

:eii«  for  the  attachment  of  the  muscles,  etc.    In  inohlH  of 

I  interior,  a  strongiy-innrked  impression  of  this  callosity 

ppeara. 

Phoudops  HAMir.TONivK-     Hall.     {Fig,  88.)    (  Pal.  N.  Y., 
*"ol.  lV.,p.  82.) 

Distingaishmg  Cluirnctvi-s.—i^mnW  Wizf,  ovate  outline; 
rouder  posterior  enil ;  eccentric,  elevated  apex,  inclined 
ickwards;  lauiellose  lines  of  growth  closely  aiTanged. 


tf 


Vrin.  «M,    nnlidopt  Immllloniir,    liilei 
^H  *«ifnil  and  itoranl  TaJvpa,  iH;  «El«rir 

Fonnil    ne   sinffk-   valves,    molds,   etc.,  and   iw  common 
throughout  I  he   Hamilton  Hhalcw.  from   tlie  Trilohit*^  bed-j 
-Upward.    It  occurs  in  the  lower  Moscow  rihale,  at  BectionH 
||r  and  5. 

'   Menftuivmrnts.— ]^ttirth.  i  mm.;  width,  :i  mm. 
,.  Pholidops   LixatLoiDKt*.     Hall.    (Fig.  89.)    (Pal.  X.  T., 
J^ol.  IV..  J).  414.) 
'  Difititif^aishiii^'  Cliaracters.—  hingvhnd  outUne;  projecting 

X,  with  flattened  "nrea."Htri- 
,— i  by  lines  of  growth. 

Found  in  the  Kncnnal  limestone 
iod  the  Deniissa  bed, at  Section  5. 
\  Me/isiiremciitn.  —  Two  speci-      Vm.m.   Fhoiiaopt Hnguiauir: 

Bens:     length.  7   and    7.7  mm.;  — '"    ' ""' 

»idth,  .-..2andG.9nini, 
,^Pholiiiopr  ohi,ata,     Hall.    (i-^g.  90.] 
.,  p.4U,  PI.  Ml.) 


{Pal.  N.  Y.,  Vol. 
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Gexus  CRA.VIELLA.     Oehlert, 

[  Ett.  :     Diminutive  of  crania  ] 
{ 1888:  Bull,  lie  la  Soc.  d'fitmleH  Scientif.  d'Angers,  p.  87.     181(2:  Pal,  JT,  V. 

Vol.  viTi.,  Pt.  I-.  pi>.  ins,  no.) 

Shell  Boiiiewhnt  irregular,  with  aii  outline  varying;  from 
nearly  circular  to  almost  qun4rant!;ular;  no  pedicle  ofteiliiiK, 
but  lower  valve  cenipiit^d,  b.v  itn  whole  surtat'e,  to  rocks 
or  other  shells;  upper  valve  more  or  leHS  elevated,  apex 
behind  the  center;  four  large  adfluctnr  muscle  impressions, 
one  pair  near  the  center;  outside  of  these  lie  S-shaped  vas- 
cular irapressions. 

Cranirlla  IIAM1LTONI.E.  Hall.  (Fig.  S7.)  (Pul.  N'.  y., 
Vol.  IV.,  p.  27,  PI.  III.) 

Dist'mgtmbhig  Characters. —  Large  size ;  ailaptation  to 
surface  on  which  it  is  attached ;  irregularly  rounded  outline 
and  concentric  lines  of  gruwth  abont  an  eccentric  apex. 


Tpntral  valves  i 


CranitllB  hamiltoi 


Foimd  in  the  coral  lay-er  of  tlie  Mohcow  shale,  at  Section 
5  (?)  and  just  above  it ;  also  in  the  Stictopora  and  Demtssa 
beds,  at  Section  5 ;  in  the  ehaie  below  the  A.  BpiriS^roidea  bwl 
and  two  feet  below  the  Trilobite  beds,  in  Avery's  Creek. 

Genus  PHOLIDOPS.    Hall. 

[  Ett.  :     PMiilm.  a  scdlc.  ] 

(1SB9:  Pal,  N.  Y.,  Vol.  III.,  p.  489.     1HS2:  Pnl.  N.  Y., 
Vol.  vni..  Pi.  I,,  p.  IM,) 

Shells  small,  with  etjual  valves,  patella-like  in  outline; 
they    are    inarticulate   and    unattached,    without    pediclfr 
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''SpeniTig;  poeition  of  apex  variable;  the  edges  o[  the  valves 
are  flattened  wliere  thev  join,  and  on  the  interiorare  elevated 
areas  for  the  attachment  of  the  muscles,  etc.  In  molds  of 
the  iritei-ior,  a  strongly-marked  impression  of  this  caliowty 
appearn. 

PiioLiDOps  HAMrLTONijE.  Hall.  (Fig.  88.)  (Pal.  N.  Y., 
Vol.  IV.,  p.  32.) 

DiHtinguiahing  ClmrHcteiv. — Small  size;  ovate  outline; 
broader  iioeterior  end;  eceeiitric,  elevated  ajx-x,  inclined 
backwards ;  laiiielloHe  lines  of  growth  closely  arranged. 

•ft* 


Fio.  m.    Fhnlltlopi  hi 


anUr.    Inlorlur  o 


il  value,  iH:  Iniprnwlnn 


ar  oC  abel],  x  <  C'rom  H«ll), 


Found  as  single  valves,  molds,  etc.,  anil  is  common 
thronghont  the  Hamilton  shales,  from  the  Triloltite  befls 
upward.  It  iH-ciirs  in  the  lower  Moscow  shale,  at  Sections 
4  and  5. 

WeaKH«'/ne«(>f.— Length.  4  mm.;  width,  .H  mm. 

PHOLiiiors  li\gilo!di:h.  Hall.  (Fig.  89.)  (Pal.  N.  Y., 
Vol.  IV..  p.  414.) 

Dintingimhing  Characters. —  Linguloid  outline;  projecting 
eiiex,  with  flattened  "area,"  stri- 
ated by  lines  of  fj;rowth. 

Found  in  theEricrinal  limestone 
and  the  Demissa  bed, at  Section  5. 

Me  a  s  II  remeiits.  —  Two  speci- 
mens: length,  7  and  7.7  iiini.; 
width,  .J. 2  and  CO  Tiim. 

pHOUnoi's  oni.ATA.  Hall.  (Fig.  i)0.)  (Pal.  N.  Y.,  VdI, 
IV.,  11.414,  PI.  III.) 


1,  W.    Fliolidopll 
V  Huil  oKteHor  oi 


(Hgvtoidet.    In- 
KnCTlDnl   lime- 
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Distinguishing  Cliaraeters. — Nearly   round    outline;    de- 
pressed  convex   form;    small   muscular  areas,  divided    by 

longitudinal  median  septum. 

Specimens  referred  to  this 
species,  showing  the  exterior 
with  beak  subterminal,  and  con- 
centric striae,  are  found  in  the 
Encrinal  limestone,  at  Section  5. 
8ion  of  interior  of  valve  in  shale,  showing      Measurements.  —  1  WO   speci- 

double  callosity :    exterior  of  exfoliated  i  .1       r-  1    r»  f- 

specimen,  showing  siibniariarinal  beak,  and   mCUS  :    length,    i    and    O.O   mm.; 


a    few   lines  of  growth,  Encrinal   lime- 
stone, X  2%.    (Original.) 


width,  (>.6  and  G.8  mm. 


BRACHIOPODA  ARTICULATA* 


Gems  RHIPIDOMELLA.    Oehlekt. 

[P^TY. :  Ripi'fJ,  a  fan;  ella,  diminutive.] 
(Orthis  in  part.) 

(1891:    Journal  de  Couchyliologie,  p.  373.     1«92:  Pal.  N.  Y.,  Vol.  VIIL,  Pt, 

I.,  p.  209.) 

Shell  ahnost  circnhir  in  outhiie;  both  valvescon vex,  brach- 
ial valve  more  so  than  the  [)e(licle  valve.  Hiii^earea  narrow 
and  short  on  the  brachial  valve,  higher  on  the  ])e(licle  valve. 
A  slight  median  depression  in  each  valve.  Surface  covered 
with  fine,  rounded,  hollow,  tubular  stria*,  which  frequently 
oi)en  upon  the  surface.  On  the  interior  of  the  jiedicle  valve 
apjx'ar  two  stning  (liver<iin<2:  teeth.  Muscular  area  large, 
and  dei'ply  impressed,  consisting  of  the  large  fluted  diductor 
impressions, enclosing  thesmall central  adductors.  The  pedi- 
cle scar  fills  the  cavity  of  the  beak.  Outside  of  the  muscular 
area  are  commonly  deeply-[)itt(Ml  ovarian  markings.  The 
interior  of  the  brachial  valve  shows  din^p  and  narrow  dental 
sockets,  with  prominent  projecting  crural  plates.  In  the 
center  is  a  strong  cardinal  [)rocess,  below  which  is  the  indis- 
tinct small  muscular  area. 

KniPiDOMELLA  VAM  xEMi.  Hall.  (Fig.  *.n.)  (Pal.  X.  Y., 
Vol.  IV..  p.  47.  ri.  VI.) 
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Dintirifjuishinfj'  ChinictPis. — Snb-eirculnr  or  traiiBversely 
8uh-oval  outline;  nearly  fiat  (h-  Hlifrhtly-concave  jiedicle 
valve,  l>econiinn  inoiicratcly  convex  near  the  l>eak;  eonvex 
brac'liial  viilve;  laifre  nniHonliir  area  in  the  pedicle  valve. 


A  KeriOK  of  s|M'ciint>nK  sh()\vs  conHiiicniMe  varialioii  in  out- 
line, convexity,  anil  charaetei'  of  niiiHcuhir  iininvssionn 
l>et\vofn  tlieyoiin^  and  adult, 

Fonnd  in  the  lowei-  five  left  of  Mosi.'iiw  sludes,  at  WtftionH 
4  and  5;  in  tlii'  Kiiri'lnal  limestone,  at  Seetion  •">.  etc.;  in 
the  Deiniswa  l>ed  and  iTiost  of  tlio  licds  helow,  at  SectioiiN  .">, 
(>,  7.  H.  It  is  i-ai-e  in  the  Trilohitc  bedN.  at  S<-o1ion  S. 
It  is  fonnd  in  tlio  shales  down  to  the  IMein-odictynni  lieclw, 
on  the  l-akeShr)i-(Mind  in  Avery's  Ti-eek. 

Uiili'ii.<>.\ii:i.i.A  i.toc  i.-osiA.  Hall,  (I'l^.  !t2.)  Il'al.  .\,  Y.. 
Vol.  IV.,  |..  is,  I'!.  VIM 
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Distinguishing  Cbaracti-ra. —  Broatilv  ovate  ntitline.  with 
trreatest  width  Ijelow  the  middle;  pointed  beak;  convex 
brachial  and  pedicle  valves,  the  liitter  the  less  uouvex,  and 
Huttt'iied  toward  the  fionti  eiiiall  (ireae;  depression  in  the 
center  of  the  brachial  valve.  lieiidiiy  distinguished  from 
H.  vamixemi  by  it«  moi'e  pointed  posterior  end. 


Found  in  the  Enerinnl  limestone  (rare),  at  Rei-tion  5;  in 
the  shale  below  the  Trilobite  beds,  on  the  Lake  Shore  and  in 
Avery's  Ravine. 

KmnuoMEi.LA  penklope.  Hnll.  (Fig.  93.)  (Pal.  N-Y., 
Vol.  JV.,  p.  50,  PI.  VI.) 

DiBtiuguiahing  Characters. —  Lftrtje  size;  width  tfreater 
than  length;  plnno-convex  trnnsverse  section;  reji^ilarljf 
(■onvcx  bnu'liinl  valve ;  fltit  or  shghtly  concave  i:)edicle  valve, 
which  becomes  somewhat  convex  near  the  Ijt-ak;  stria 
stronfrly  nrclied  upwards  on  the  cardinal  margin:  muscular 
area  Nuialler  and  more  rounrled  than  R,  vtwuxemi. 

Found  in  the  Encrinal  limestone  (fairly  common),  at 
Section  5;  Stictopora  and  Dennssa  Iteds  (young?),  at 
Section  5;  in  the  shale  below  the  Trilobite  bede,  in  Avery'e 
Ravine. 


I  |Fin,  98.    ShtiMimirlla  iiriiel'in;.    ihirwl.  Inlvi'ol  una  [:oriliiA]  vluw  of  a  litrv*'  a|>n:liuuii  ; 
MfUbI:  ■  young  apwiiiipn,  doraiil  view  ifnmi  Hb'H). 

Mensiirenieuts. —  Large  Bpecimen:  length,  one  and  Heveii- 
uixteentlm  inclieH  (36  mm.);  vvi(]tli,oiie  and  nint>-»ixt<H;ntli» 
inclien  (+0  inni. ). 

Rnii'iit(.Mi:i.i.,v  iiKJNKA.  liiill.  ll'V  ;i4.)  (Pal.  N.  Y., 
Vol.  IV..|..  r>2.  I'l.  LMII.) 


9^ 
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Distinguishing  CImrarters.  —  More  nearly  circular  than 
R,  vanuxemi ;  valves  more  nearly  equal ;  pedicle  valve  flat- 
tened only  near  the  front;  brachial  valve  but  slightly  more 
convex. 

Found  rarely  in  the  lower  five  feet  of  the  Moscow  shale,  at 
Sections  4  and  o;  in  the  Encrinal  limestone,  at  Section  5, 
where  it  is  also  rare. 

Rhipidomella  cyclas.  Hall.  (Fig.  95.)  (Pal.  X.  Y., 
Vol.  IV.,  p.  52,  PI.  VII.) 

Distinguishing  Characters. —  Small  size  of  adult;  long  car- 
dinal line,  equaling  nearly  half  the  width  of  the  shell;  ap- 

[)re8sed  beaks;  sharply  promi- 
nent radiating  striae,  which 
increase  bv  bifurcation  and 
implantation,  and  have  afas- 

Fio.  fl5.     Rhipidomella  cyclan     Ventral      ciculatC    appCaraUCC    UCar    tllO 
and  doraal  views,  X  2  (from  Hall). 

tront. 

Found  in  the  Hamilton  shales,  about  a  foot  below  the 
Trilobite  layers,  in  Avery's  Ravine  (one  specimen). 

Measurements,  —  Largest  s[)e(!inien  (Hall):  length,  five- 
tenths  of  an  inch  +  ;  width,  six-tenths  of  an  inch  4- ;  lenglh 
of  area,  thirty-three  hundredths  of  an  inch  (-f). 

GExrs  OUTHOTHETFS.    Fiscnioii  de  WALmiKiM. 

[Ety.  :     OrtltoM,  straiglis  ;  titrtft,  the  Greek  letter  S] 

(1880:  Hull.  Soe.  Imp.  Natiirl.  d.  Moscow.  T.  I.,  p.  :J75.     1892:  Pal.  X.  Y., 

Vol.  VIII.,  Pt.  I.,  p.  2r):i) 

Sh(»ll  varying  from  ])lano-c()nvex  to  bi-convex,  sometimes 
becoming  concavo-convc^x:  with  age.  Pedicle  valve  most 
cc^nvex  about  the  b(»ak,  wliicth  often  tends  towards  irregular 
growth;  cardinal  area  well  develoj)ed,  with  a  thick,  more 
or  less  convex  deltidium  covering- tliedeltlivrium.  Teeth  not 
su])port('d  by  <leiital  ])lates.  Brachial  valve  most'c()nv(»x 
near  the  middle,  with  a  narrow  hinge  area.  Cardinal  pro- 
cess (piadrilobate  as  se<Mi  I'roni  above.  Surface*  covered  by 
slender  radiating  s(ria\  which  are  creniilated  by  concentric 
lines. 
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Ohthotiiktks  AiwTOMTKiATrH.  Hall.  (  Fig.  96.)  {Vn\. 
N.  Y.,  Vol.  IV.,  p.  71,  Pi.  IX.) 

Distinguishing  Characters. —  Hinf;e  line  e(|iial  to  or  gi*eater 
than  the  width  of  the  shell,  Heldom  lesH;  fides  of  the  sheH 
recta  11^111)1  r  to  the  hiufje  line,  or  curving  iiiwnrd  from  it; 
snrfiice  sti'ia'  cloKely  arrnntied. 


fai.'^s(rlif(frnin  lli 


Found  in  the  iipjjer  part  of  the  Mohcow  nhoJes,  Kections  2 
iind  3  (rare ) ;  in  the  lower  Mowcow  shale,  five  feet  above  the 
Kncrinnl  linicwtone.  Htictopora 
tind  Demissa  IhmIh,  at  Section 
."i ;  between  one  and  three  feet 
below  the  Encrinal  limestone, 
at  Section  (1  (common):  below 
thi-ei^  feet,  nt  Section  (J  {spar- 
inj^ly);  from  seven  to  twelve 
feet  l)elow  the  Knciinal  lime- 
stone, at  Section  7  (common): 
lielow  twelve  feet,  at  Sections  7 
and  8  ( sparingly ).  Also  found 
in  the  Triloliite  l)e<l.'*,  at  Sec- 
tion H  Inn-el :  between  the  Trilo- 
l)ite  i\m\  Strnphulosia  beds,  on 
the  Iiake  Slioie  and  ui  Avery  m 
(■i-eek  (conmntn);  in  the  TranKi- 
tion  liedw,  on  the  Lake  Shon- 
(raiv). 

OltTHOTHHTKK        !■  I:  It  V  i;  li  W  IK  . 

Hall.    (Viii.Ml.i    (I'fil..\.V.,Vo].   ,. 
IV.,p.  7:i,  I'l.  IX.)  i 


■*'^? 


1.  m.    OrHinthtlet  ptrifrnu 
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Distinguishing!^  Cbnracters. —  Hinge  line  shorter  than  the 
greatest  width  of  the  shell :  extremities  rounded ;  length  and 
width  about  a«  two  to  three;  surface  striae  distant. 

Found  in  the  Stictopora  nnd  Deniissa  beds,  at  Section  5 
(rare);  in  the  shale  below  the  Athyris  spiriferoides  l>ed,  at 
Section  7  (rare);  and  in  the  Pleurodictyuni  beds,  in  Avery's 
Ravine  (rare). 

Genus  STKOPHEODOXTA.    Hall. 

[Ety.  :     Sti'opheHH,  hinge  ;  odonn,  tooth.] 
(1852:  P:il.  X.  Y..  Vol.  IL.  p.  68.    1892:  Pal.  N.  Y.,  Vol.  VIIL,  Pt.  L,  p.  284.) 

Shell  concavo-convex,  the  convex  valve  being  the  i)edicle 
valve.  Outline  varying  from  semi-circular  to  semi-elliptical, 
with  the  hinge  line  usually  equal  to  <  )r  greater  than  the  greatest 
width  of  the  shell.  Area  of  the  pedicle  valve  higher  than  that 
of  the  brachial  valve,  both  margins  furnished  with  project- 
ing denticulations,  which  interlock  and  form  articulations. 
Muscular  areas  well  marked  and  variouslv  bounded.  A 
strongly  marked,  commonly  bifid,  cardinal  process  occurs  in 
the  brachial  valve. 

A  number  of  sub-genera  are  recognized. 

STROPHEonoNTA  DEMissA.  Courad.  (Fig.  98.)  (Pal.  X.Y., 
Vol.  IV.,  p.  101,  PI.  XVII.) 

Distinguishing  (liarm-tors. —  Medium  size:  pedicle  valve 
strongly  con  vex;  concavity  of  the  l)rachial  valve  less;  length 
and  width  nearly  equal:  surface  strife  numei-ous,  stronger 
and  more  elevattul  near  the  beak,  increasing  by  intercalation 
and  bifurcation  towards  the  front:  muscular  impressions  of 
the  ])edicle  valve  consist  of  large  Habellate  divaricators, 
separat^ed  towards  the  front  and  distinctly  lobed,  and  small 
adductors  lying  between  them  scpai*ated  from  each  other  by 
a  (le])ression  ;  in  the  brachial  valve  the  adductor  impressions 
are  divided  longitudinally  by  a  narrow  ridge,  and  often 
limited  in  front  by  (»levated  ridgc^s. 

Found  in  the  Fncrinal  limestone,  at  Section  5  ( one  8j)eci- 
meiij;  the  Stictopora  bed.  at  Sections  5  and  0  (rare);   the 


0  (truDi  Hull. 


DemisHEi  tn'fl,  SectioiiM  ti,  Ij.  etc.  labuiidiint):  eighteen  irichen 
below  tlif  Kiicriiinl  linieHtoiie,  at  Section  fi  (two  i)i)ecimfim|. 

STHoi'HKODONTA  I'ONTAVA.  Hall,  (Ftj;.  it^-l  (Pal.  .V.  v.. 
Vol.  IV.,  p.  90,  PI.  XVI.  I 

Oitititiffimhinfi  Cliitriicteiv. —  Ltirjj^  size;  uroat  liouvexity 
of  pedide  valve;  high  arena  iiliii08t  at  right  angles  to  eacli 
otUer;  nurfat'e  of  ju'dicle  valve  beuriiig  coarse,  sliarp,  i-Teiiii- 
lated  striie,  with  noiniuonl  y  one  or  two  lietween,  which  are  K>s8 
elevatt'd;  eiirfnce  of  Itruchial  valve  bearing  distant  Birong 
striiv.  with  a  nnriilHT  of  finer  uiiei*  between,  nil  oreniilatetl  by 
concentric  wtria';  large,  Hpreiuiing  divariciitor  mnscular  iin- 
prensiouB  owur  in  theix'dicle  valve;  in  the  brafhiiil  valve  the 


adductor  inipi-cssiuiia  are  divided  aliovt  by  a  rounded  ridge, 
I  wliich  HupportB  t!ie  quadrilobed  cardinal  process. 


Fio.  fiti.  Slrophf'iil"nta  rnnrain.  I.'iI'thI  uii>I  iI..tsiiI  vii'v,~  <.f  n  i'iiFiiiil>>l->  bihwU^^ 
■howlne  deutb  of  pe<Utli*  vain-  aitd  liiiiKB  uvwi  ul  tuUi  valvn ;  sidr  ■i»l  rnint  iMir  W  n 
Inlerjiir  of  nncblitl  valve,  nbnwlntc  dvptli.  itiunciiliir  liupmnlonm  uui  luirdind  — ~~  - 
■Im>  the  aoi-kvt.  Hiicl  tliu  cnfnutBLloiiB  on  tlir  Mnga  nnM  (tram  HitllJ. 

Fonnd  in  the  Encrinal  limestone,  cm  the  Lake  Shore  (rare);  I 
in  the  DeiiiiBea  l:ied,  itt  Swtinn  5  (common);  between  tbe  j 
Trilobite.  niid  Pleurodictyuni  liecls  icommon). 

STItOPIIKOIHIXTA     (LKI'TOKTItOI'IHA)     I'KIil'l.ANA.        Colirad. 

(FIk-   l*5f*->    (I'"l-  ^"-  ^  ■  '^'o'-   '^'"   !'■  '^^-   ^'lf*-i   -^I-  XJI- 
XVII..  XIX.) 
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Ifistingumhing  Clmracters. — Kmnll  to  medium  size ;  slightly 
cciiivex.  often  almost  fiat;  extremiticH  of  the  hinge  line 
UHiiiilly  [iroiongeil ;  shells  very  thin;  wurface  lieariiiK  fine, 
nearly  e<|ual  wtria',  increaaeO  by  intei-calntion  and  bifurca- 
tion, and   ci-ennlated   bv  fine  concentric  stria*;   niuscuhir 


Ui|:iUi'iliiiaj'»^-tlun:i?iiJiu-KHiH-iitufBurfawHtrLiu(riviuHBll>. 


ilicle  SDrl  bn- 


inijiieKKionH  of  jiedicle  vjilvo  coiiHiMt  of  largir  fialK'lliito  divar- 
i{-jitoi-s,  H]in')idin;;  in  front  and  extending  moiv  tliiin  Judf 
rlie  lengtli  of  tlie  nhell,  mid  Mumll  nddnct(n-H  betwwn; 
in  the  linH-hiid  valve  strong,  rounded  ridgcH,  curve 
i'orwai'd  and  ontwaril  fi-oni  the  hifitl  curdinal  process, 
limiting  I  he  nuiwcnlar  iniprcwHions,  while  n  HJmilar  I'idge 
divides  them  ;  interior  Htrongly  pustuloRe. 
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Found  ill  the  lower  Aloscow  uhtilee,  at  SettionS'4'i 
(foiiiinon) :  Erimnal  limeHtone,  Ht.  Section  5  (common] 
Stictopoi'ii  ttinl  Deniissa  be(ln, nt  Section  ij  (common);  shall 
lietvveeii  the  Deinissa  and  Trilobite  beds,  at  Sections  6  and' 
( fre(jiient ) ;  Triloditt-  lieds,  at  Section  S,  and  in  Avei'v's  Creti 
(rare):  shales  below  tlie  Triloliit*;  Ijeds,  on  the  Lake  Slioi 
and  in  Avery's  Ci'eek  {(►ccasionally) ;  Pleurodictvuni  bede,  i 
Avery's  Ravine  (rare);  shale  l)elow  the  Nautilus  lied  (nO 
uiiconinioii), 

HtROI'IIEOIIONTA.  (DoNVILLI.NA)  l.NVKlH'iaTKIATA.  (ConTOi 
(Fifi.  101.)     (Pal.  N.  Y.,  Vol.  IV.,  p.  10(>,  PI.  XVIU.) 

DistinguiBhhi}^ Cbaraeterfi.SmuW  size;  considerable  w 
vexity   of  [tedicle  valve;   extended  hinge  line  with  acut 

souietiiiieH  finriculate.  extivinities :  snrfnre  nin  rked  by  dlRtai 


wtrite,  with  finer,   tUninst  invisilile,  stri*  between; 
brachial  valve  the  bifiil  cardinal  jirocess  is  supported  bjj 
ridge,  which  divides  HiitiTinrly  and  encloses  n  niuecular  B 
for  the  attachment  of  the  anterior  adductors. 

Found  in  the  Moscow  shales,  tlii-ee  to  five  feet  above  i 
base,  at  Sections  4- and  5  (coninion);  Encrinal  limeBtone,! 
StH'tion  5  (rather  rare);  Stictnporn  bed.  at  Section  5  (H 
ipient);  IK-niissa  bed, at  Section  S  (very  connnon) ;  Trilo 
lieds,  lit  Section  8,  and  on  the  Lake  Shore  (ficcnsional 
shale  and  limestones  between  the  Trilobite  ami  Stropha 
be<is.  mi  the  Lake  Shore  mid  in  AveryVCroek  I  occasionallj^ 


StI((H'III;()I1().\T.V       |  I'llMl.lllOSTItlH'UlA  \       NACItllA-  I 

(FiR.  tO:J.)    (Pill.  N.  Y..  Vol.  IV.,  p.  104,  PI.  XVIII.) 

fHatinfivishinfr  Clisnir- 
ters. — Siiinll  hIw;  convex 
<;li(iri»'ter;  Hiuodtli  and  iin- 
cifotm  HUi'fiiw;  Interior  of 
tlithnfcliifil  valve  with  three- 
(livi'i'triiin'  riilges  in  front  of 
thf  [riiisctihir  iiren, 

Found  in  the  I-:ncrin«l 
liiiieutone,  at  Section  "> 
(eotnnion);    in    Hie    Moriio-      rio.  lou.    v. 

tnori>}UlSllbalurilhfl]  {fHlV  }:    l^o4  S\.^k-l"'«n.l"hNlilillil''v3vei''((ri.ni 

Tnli)bite    liedN     (esjiecinllv 

the  lower-),  at  St-clion  H.  on  the  Lake  Shore  and  in  Avery's 
(■f-eek  (freiiiiwitj;  shale  helow  the  Trilobite  beds,  in  Avery'H 
*  "reek  ( rti  re ).  Schuehert  I'eferB  this  MjHKrieB  to  .S.  ( /'. ) 
io»n-mis.    (Owen.)    (Bnll.  K7.  V.  S.  G.  S.) 

Sti{oi'im:oik»\ta    ( LKi'TOKTiiix'urA)   .iv.NiA,     Hail.     (Fig. 
lO;^,  I     (  Pal.  N.  Y.,  Vol.  IV.,  ]i.  lOH,  PI.  XVIII.,  S.  tvxtilis.) 
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Distinfifuishinf*'  Chnvacters. — Medium  to  large  size;  slight 
eonvexitv;  surface  stride  distant,  increased  bv  intercalation. 

and  between  these  are  verv  fine  stride,  crossed  bv  fine  con- 

•  « 

centric  stria*:  muscular  area  in  brachial  valve  defined  hv 
thickened  rounded  ridges,  divided  bv  central  rounded  ridge 
extending  from  the  bifid  cardinal  ])rocess,  and  dividing  ante- 
riorlv. 

Found  in  the  I)(Mnissa  bed,  at  Section  5  (a  few  s|)eciniens 
onlv). 

STKOPUKonoxTA  JMJCATA.    Hall.    (Fig.  104.)    (13th  Ann. 

Rep't  N.  Y.  State  Vnh.  Nat.  Hist.,  p.  90.     Pal. 

N.  Y.,  Vol.  IV.,  PI.  LXllI.) 

Distin^xuishin^'    Clinnictors.  —  Small    size ; 

strong    i-ounded    or  sub-angular    plications, 
,:.     .^4    ...     ..     which  increase  in  nund)er  towards  the  front 

Fio.  UV4.     Strtiphe- 

terior'\tf''**i^^^^^^  ^y  inij)lantation.  These  readily  distinguish 
nSl^nxV^'^^^^^^lkeu  ^liis  sjKvies  froui  S.  deinissa,  its  neai^est  ally. 

awav:     sliurhtlv    en-  J•^  i^i       •       ^i        t\         •  i       i        ,i.o^^* 

iRrjr'evi,  froma>utta.  r  ouud  oulv  ui  the  Deuussa  bed,  at  Section 
iiai.>  .)  (not  common  ). 

(iKxrs  CIIONKTKS.     Fisi  ur.u  ni:  WALnuKLM. 

[Kty.  :     f'hitht .  w  funnel.  1 

iISlT:     Oryi't»)irrai»hif  du  Goiiv.  k\v  M(»s«(.w.  Pt.  II..  p.  \\\A.     ISJ)2:     Pal. 

N.  v..  Vol.  VIII..  Pi.  I.,  p.  :j():j.j 

Shells  roncavo-ronvex  (in  our  species),  with  the  i)edicle 
valve  conv(^x.  Outline  varvinu'  iVom  smii-i-ircular  to  semi- 
ov,m1:  hinge  line  straight,  making  the  greatest  diameter  of 
the  shell.  Aivas  narrow:  tlu»  triangular  opening  (delthy- 
I'iumlin  the  iwwx  of  the  pedicle  valve  covi'rcd  by  a  convex 
]nMlicle  plat(»  (dcltidium).  The  u]iper  margin  of  the  aiva 
bears  a  single  i*ow  of  hollow  spines.  Area  of  brachial  valve 
without  spint^s.  Cardimd  process  appi'aring  quadrilobnte. 
Intei'ior  of  shell  strongly  ])apillose  in  the  pallial  I'egion.  A 
low  nit'ili.in  i-i<lire  divides  tht*  museulai*  area  of  the  jHxlicle 
\alve.  A  similar  ridu'e  oecnrs  in  the  bi*acliial  valve.  Exter- 
nal >urfaee  usnallv  eoveiiMl  b\  radial inu"  stria*. 
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Choxktkh  Mrriio.NATiH.  Hall.  (Fig.  105.)  (Pal.  N.  Y., 
Vol.  IV.,  |).  liir,,  Pis.  XX.,  XXI.) 

IHnthiffuiifhinf! Characters. —  Ktiiall  size;  semi-oval  outline; 
iiKHlerntely  convex  character;  rather  diKtaut  and  strong, 
radiating,  rounded  i>r  »iib-anguhii-  strite,  which  are  not  as 


^    f 


wide  as  till-  upaces  between  them  (or  ai-e  nioiv  or  lesw  closely 
crowded) :  abruptly  outward-curving  cardinal  spinCH,  of 
which  there  ai-e  two,  or  rarely  tlin^e,  on  each  side. 

Found  rarely  in  the  upper  Moscow  nhale,  below  the  tran- 
Hitioii  iH'ds;  in  the  lower  Moscow  shnle,  at  Sections  4  and  5 
( not  very  coninion) ;  Encrinal  liniestcnie  (var.  Inticosta),  at 
Section.")  (raiv);  shale  below  the  THIobite  beds,  in  Avery's 
Cr-eefc  (rarel:  Ptenrodictyuni  beds  (rare);  Transition  shales, 
in  Erii'  niiil  Athol  Springs  Cliffs  (rare);  Mareellus  shales,  in 
.Atliol  Springs  and  Bay  View  Cliffs  (raiv). 

('noNHTKH  viri.M-s.  (Ciistelnau.)  (Fig.  100. 1  {Choiwtes 
(hH^-rtus.     Hall.     Ptil.  \.  v..  Vol.  IV.,  p.  1L>(;,  PI.  XXI.) 

/'wt;/ii'-f;y.«.7i/;ii'-67i;fraf:?era.— St'i(ii-ellipti(-iiloutlirie;  strong 
convexity:  d<'tlect,cd  cunlinal  margins  ( aw  seen  from  the  con- 


m  I  '^^ 


ex  side):  abrnpHy  ontward-cnrving cardinal  spines;  finer, 
iioi-e  inuiicroiis,  and  nioiv  closely  crowded  striie  tlian  occur 
\\l'.  iiim-ronntiiH. 
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Found  ill  the  lower  Moscow  shale,  at  Sections  4  and  5 
(eonimon);  Encrinal  limestone,  at  Section  5  (rare);  between 
the  Trilobite  and  Strophalosia  beds,  in  Avery's  Creek,  and 
on  the  Lake  Shore  (raiv). 

Chonktks  sKTKiKRrs.    (Hall.)    (Fi^.  107.)    (Pal.   X.    Y., 

WVol.  IV.,  p.  129,  PI.  XXI.) 
Distin/ruishin^  ( Imracteis.  —  Seini-elliptica  1 
outline;  moderate  convexity:  moderate  num- 
ber  of   I'ounded    surfac^e   stria?  and  vertical 
nJ^ge'rns'  Ventral  ^'J^-dinal  spiues,  of  wliich  thi^ee  occur  on  each 

valve, x2(frc>m  Hail.,    ^j^^  ^,j   the  lu^ak. 

Found  in  the  Hamilton  shales,  at  Section  6,  two  to  three 
feet  below  the  Encrinal  limestone  (very  rare);  seventeen  to 
twenty-one  ftH»t  below  the  Encrinal,  at  Section  7  (rare); 
Pleurodictvum  l)eds,  in  A  verves  Creek  (occasionallv);  Transi- 
ti(m  shales  and  Marcellus  shales,  in  Lake  Shore  (*liffs  (not 
verv  common). 

CnoxKTKS  sciTi'LUs.  Hall.  (Fig.  108.)  (Pal.  X.  Y.,  Vol. 
IV.,  p.  lao,  PI.  XXI.) 

Disfin^iiishin^  Chnnu-to.rs, — Semi-oval  outline;  somewhat 
^bbous  character:  numei-ons  surface  stria*;  numerous  cardi- 
nal spines  (as  many  as  tw(»lve  or  fourteen  being  sometimes 


m 


Fi(».  1(18.  Chtmttts  avituhm.  Ventral  0''**<Ik'1**)  ""<1  <lf>rsal  (bracliial)  vieww  of  a  speci- 
iiM'ii,  natural  siaw  :  interior  of  iHMljcle  and  of  brachial  valvi»s,  enlar^e<l  (from  Hall). 

indicated),  which  pnss  ol)li(|iiely  outward:  interior  of  bra- 
chial valve  strongly  pustulose.  wit  ha  broad  dej)i"e8sion  along 
tlu*  c(»nter,  from  which  I'ises  a  sl(»nder  median  i-idge;  a  similar 
median  i-itlge  occurs  in  the  interior  of  the  jHMlicle  valve. 

Found  in  the  lower  two  ft^'t  of  the  Moscow  shales,  at  Sec- 
tions \  jind  T)  (i-nre):  in  the  Encrinal  limestone  (rare); 
thi-oughout  tin*  Lower  (Hamilton)  shales,  at  Sections  5,0,  7, 
S,  and  on  the  Lnke  Shore,  and  in  .Vverv's  CrtK^k  (often  abun- 
dant):  Transition  shales,  on  the  Lake  Shore  (rai^e). 
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Me*isiirom(mts.—  ljargi^  Hpec'inien:  width,  11  nnn.;  height, 
H  mm. 

CnoNKTKH  Li':!»ii)rs.  Hall.  (Fi^.  101).)  (Pal.  N.  Y.,  Vol. 
IV.,  p.  132,  PI.  XXI.) 

Distinguishing  Chamctei's, — Small  size;  Hemi-ellij)tic«l  in 
outline;  sub-hemisphericnl  in  convexity;    wlender,  an^ulnr, 


Fin.  109.  Chonetes  lepidus.  Ventral  and  (lonutl  views  of  a  specimen,  natural  size,  and 
tlie  former  enlarged  :  enlargement  of  interior  of  brachial  valve,  with  cardinal  pr(M;eHH 
broken  away  (from  Hall). 

bifurcating  Huiface  strijp,  of  which  there  are  ten  or  twelve 
near  the  umbo,  and  twice  as  many,  or  more,  near  the  front; 
8inu8  outliiKMl  by  two  stronger  Htria*  near  the  eentei*,  with 
finer  ones  between  them  in  a  depressed  nrea;  cardinal  sjnnes, 
Hometimes  as  manv  as  ten. 

P\)und  in  the  (ioniatite  bed  of  the  Naples  shales,  at  Sec- 
tions 1  find  2  (rare);  Styliolinn  band,  at  Section  1  (rare); 
l()W(»r  Moscow  shales,  at  Sections  4  and  5  (rare);  Hamilton 
slial(\s,  everywhere  associatcMl  with  the  preceding,  but  usually 
more  abundant;  also  in  the  Transition  shales,  on  the  Lake 
Shore. 

('h()m:tks  couoxATrs.  ((Vmrad.)  (Fig.  110.)  (Pal. 
.\.  v.,  Vol.  IV.,  p.  133,  PI.  XXI.) 

Distinguishing  Clianictors. —  Large  size;  moderat(»  convex- 
ity, with  occasionally  a  shallow  undefined  sinus  in  the  pedi- 
cle valve;  iiuukm'ous  closely-arranged  surface  stria*;  fiv(»  or 
six  oblicpietubular  spines  oneach  sideof  the  beak  ;  interiorof 
the  ])e(licle  valve  shows  diverging  dental  lamella),  a  narrow 
median  ridge,  and  wi(le-si)reading  adductor  impressions,  out- 
side of  which  tli(»  shell  is  strongly  pustulosis;  in  tlK^  brachial 
valve  a  m(»dian  ridge  runs  forward  from  the  cardinal  j)ro- 
c(»ss;  the  muscular  impressions  are  faintly  marked. 

Found  in  the  Encrinal  limestone,  at  Section  5;  Stictopora 
and   Demissa  beds,  and  immediat^^ly  below,  at  Sections  5 


»  a  > 


hikI  (>:    IMeiirodictvniii  licds  and  slialt-  abovp.  in  Avery's 
CitH'k. 

(;i:ms  PRonrCTKLLA.    Hai.l. 

[Etv.  :     niiiiiiiiitivi!  of  I'rixiuclus,] 
lIHttT:   P»l  X  V,.  Vol,  IV..  p.  15.1     ISIW:   Pal.  N,  V.. 

Vol,  viiL,  I'l.  1.,  i>.  :r;w,) 
Slicllw  small;  I'oiicftvcMronvcx.  the  jjedicli-  viilve  »troii/j;ly 
fdiivi'X,  ami  |ini(lai-eil  iiiitfridrly.  The  beak  of  tlie  pt-diclf 
vjiiw  is  iiviTiiivliiiii;'.  ami  the  liini^c  liuf  «traij>;lit,  with  a  nar- 
n)\v  riinliiial  aicn,  a  dpltiiliani  ami  small  teeth,  Itrachinl 
valve  snmli,  eaiieave  cij)eifiiliform,  witli  a  straiKiit  hiii^e 
line,  dental  soekeis.  ami  crunii  plates.  Surface  marked  by 
ratliatin^  ridjjes.  wliieli  bear  s|iines  at  iniei-vals. 

I'ii.aa(Ti:i.i..v  n.wh  i:i,i.a.     Halt.     llV't'-l     (I'al.N.Y.. 
W.l.  IV..]>.  ir.d.  I'l.  XXIil.l 

/'/.■.■f//j,i.'f/i.-/i//ii.'  r//.(/v(ifcrs.— Small  size:  great  leiifrth, 
whiih  e.xi-eedN  the 
width  :  liiii^A'  line  lesM 
than  width  of  shell: 
IH.lide  valve  very jrib- 
boiis.  with  the  beak 
very  lainh    iiu-iirved. 


^.     '^      w 


205 

fiiid  ])rojectiiif|;  below  the  hiiif^e  line,  tlieMliell  extemliiig  iiboiit 
one-third  its  length  above  the  hinge  line:  siu'face  inurkeil  liy 
fine  epiiiCH  above  luul  coarse  spine-bearing  lidgeM  below. 

Found  in  tiie  Kiu-rinal  limeHtone,  at  yettion  o. 

I'lionriTKLi.A  BPiNri.K-oHTA.  Hall.  (Fig.  112.)  (Pal. 
N.  Y.,  Viil.  IV.,  p.  IfiO,  PI.  XXIII.) 


^      ^      ^ 


r 


:';;-! 
^^^ 


DintinnuishingCharactern. — Broad,  eeini-elliptical,  or  sonie- 
wliiit  orbicular,  outline;  strong- 
ly incnrvcd  bcnk  of  |>e(lirle  valve, 
wbii'li  dcicH  lint  project  belowthe 
lii  iige  liiii-;  Btcongly- wrinkled 
ears,  bcnriiigHpines;  Hevcralrows 
of  iiiler-ruiited  H]»ine  bases,  and 
coiHcnt  r-ic  Htria-  or  wrinkles. 

Found  la  the  np|H;r  Moscow 
shales,  at  Section  :{;  the  Fncrinat 
liiiic'slonc,  Stiet()])ora  and  He- 
iiiis.sn  b(^dH  and  shales  below,  to 
the  Strii]ihaloHia  l>ed,  at  ScH-tions  "),  6,  ' 
Creek  and  Lake  Hhon^  Seirtifnis; 
shidcs,  on  t  he  Lake  SIhmv. 

\uTV..—  I'roduvteUa  nhiimunlijiiifi.  Hall,  described  on  p. 
l.";7.  et  se(|.,  of  Vol.  IV.,  as  owurring  in  t!ie  Marcellns  and 
IlaTnilton  beds  on  the  Lake  Shoiv,is  prol)ablv'  identical  with 
/*.  s/iiiiiilirosta. 


Fro. 
Kh'nl^. 

ISA. 

IT   an-   tail  till   near   IIif 
S..^llon  »,  upiier  M.,i«ow 

"»,  6,  " 

. «. 

in  Kighteeii  Mile 

Tninsition   and  Marcellns 
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(}KXi  H  STROPHALOSIA.    Kixc. 

[Ety.  :    Strophe,  bending;  aloif,  a  disk.] 

(1844.   Annuls  and  Magazine  of  Natural  History,  Vol.  XIV.,  ]).  313. 
1892:   Pal.  N.  Y.,  Vol.  VIII.,  Pt.  I.,  p.  314.) 

Shell  similar  in  form  to  Prodiict^^lln.  A  hin^eai'ea  is  present 
in  each  valve,  and  the  central  opening  is  in  each  case  covered 
by  a  phite:  a  wear  oi-  cicatrix  marks  the  former  phic*e  of 
attaehment.  Dental  lamelhe  are  absent.  The  cardinal  ])ro- 
cess  of  the  brachial  valve  is  erect,  bifid  on  its  anterior  fat*e 
and  (jnadrifid  on  its  posterior  face,  continued  in  front  in  a 
se])tum  which  extends  for  half  the  length  of  the  shell,  and 
supported  on  each  side  bv  short,  arched  crural  ])lates.  The 
surface  of  the  j)e(licle  valve  is  covered  with  spines,  that  of  the 
brachial  valve  either  spinous,  lameHose,  or  smooth. 

Stk()I*hal()sia  Tiu'NCATA.  (Hall.)  (Fi^-  ll«"i.)  (Pal. 
N.  Y.,  Vol.  IV.,  J).  1()0,  Productf'lhi  trunratn.) 

I  distinguishing  Clmnicters, —  Small  size :  gibbous  and 
regularly  archiMl  pedicle  valve,  which  is  broadly  truncate<l 


^^cSBSKk 


Vm.  W'i.  Stru^thnUtsUt  trnncatn.  Vj'iitnil  viilvt',  with  U*ak  slij^litly  tnincated  ;  ventral, 
canliiml  nnd  i)r(>f1I«' vi(*ws  of  a  small  s|^>riiii«>n.  from  limrstoru^s  of  the  Marcellus  HtuUiea, 
X  8 ;  four  iT)t«*riors  of  brncrhial  valves,  natural  si/c  cnlar^^ed,  x  "Z,  much  enlanc^  (portion 
only),  and  natural  si/e  (from  Hall). 

on  the  umbo:  flatten<*d  auricuhite  cai'dinal  extreniities; 
minuti'lv  truncate,  wntlv  concavr  brachial  valve;  wrinkled 
cardinal  marpns,  and  scattei-e(l  surface  s])ines. 

Found  in  the  Xautiius  bed  on  the  Lake  Shore  (rare); 
Stroi)halosia  i>cd  on  the  l^ake  Shore  (extrem(»]y  abundant); 
Mai'cellus  shah*,  in  r»av  View  Cliff  (rar(0. 
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(JKNIJH     SPIRIFER.      SOWERHY. 

[  Etv,  :     Siiira,  spire;  ftro,  lo  bear.] 

(1815:   Mineral  Condiology,  Vol,  II..  p.  42,     1893;   Pal.  N.  Y.,  Vol.  VIII.. 

I't.  I!.,  p.  1.) 

Shell  variously  Hhajteii,  coninioiily  very  inueli  wider  than 
lonf^,  i-jHliiilly  plicated  or  sti-iated,  crosseil  by  (.•oncentrie 
growth  lint's,  which  in  some  f{)rnm  iiif  lamellome  or  even 
niarkcil  I»y  Bpinee.  Hinge  line  generally  long  and  Mtraight. 
Pedicle  valve  ueually  with  moderately  high  area,  with  an 
ojK'n  (lelthyrinni,  the  margins  of  which  are  prolonged  into 
stout  simple  t«eth,  suppoi-ted  by  deptal  lanielltt.  Area  of 
the  brachial  valve  lower.  A  calcareous  brachidinm  in  the 
form  of  a  double  spire,  whose  apices  are  directed  towards 
the  cardinal  angles,  nearly  fills  tlie  cavity  of  the  shell. 

Si'iKii'Kii  Mi.cKONATvs.  {Conrad.)  (Fig.  114.)  (Pal. 
N.  v..  Vol.  IV.,  )>.  210,  I'l.  XXXIV.) 

Distiiigimhing  Cbiiracterx. —  Medium  nize;  low  cardinal 
arcan ;  niui:h  extended,  often  niiicronate,  hinge  line,  giving  a 


It  'inllivUluX' 

t\\\  two  to  four  tiniew  the  height  of  the  shell; 

.sinus  in  the  |)edicle  valve,  and  fr)id  in  the  bia- 
liiid  V!i!v{',  which  i.-s  often  Hattenedor^frooved  ;  radiatingjili- 
utionM,  the  outer  ones  of  which  do  nut  reach  the  beak,  and 
'UMfllose  lines  of  growth,  often  thickly  crowded  near  the 
i-oni ;  short  dental  plat*'S,  and  striated  nnisculnr  areas. 
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Found  in  the  Moscow  shales,  at  Sections  2,  3,  4  (rare) ; 
Encrinal  limestone,  at  Section  5  (rare) ;  Hamilton  shales,  at 
Sections  5  to  8,  and  on  the  Lake  Shore  (everywhere  abun- 
dant); Strophalosia  bed  and  Transition  shales,  on  the  Lake 
Shore  (not  uncommon) ;  Marcellus  shales,  on  the  Lake  Shore 
(rare).  * 

Measurements, — A  very  much  extended  individual  gave: 
width,  100  mm.;  height,  15  mm.;  average  width  is  less. 

Spirifek  tullius.  Hall.  (Fig.  115.)  (Pal.  N.  Y.,  Vol. 
IV.,  p.  218,  PL  XXXV.) 

Distinguisbing  Characters, — Small  size  (especially  so  in 
this  region).;  gibbous  character ;  sub-elliptical  outline;  well- 
defined  sinus,  which  extends  quite  up  to  the  beak ;  strongly 


Fio.  1]5.  Spirifer  tuUitu.  Ventral  and  cardinal  views  of  pedicle  valve  and  brachial 
valve  of  the  normal  form,  as  it  occurs  in  the  center  of  the  State ;  the  Eighteen  Mile  Creek 
specimens  are  much  smaller  (from  Hall). 

marked  fold,  which  is  wide  at  the  bottom  and  narrow  at 
top;  comparatively  high  cardinal  area  of  pedicle  valve:  low, 
round  and  rather  flattened  surface  plications;  and  fine, 
uniform  radiating  striaj,  which  are  especially  well  visible  be- 
tween the  plications,  on  the  fold  and  in  the  sinus;  faint 
concentric  stria^  also  occur. 

Found  in  the  Styliolina  band,  at  Section  1 ;  upper  Moscow 
shales,  between  one  and  one-half  and  three  fe(4  below  the 
Styliolina  limestone,  at  Sections  2,  »J,  4  (common). 

Measurements. —  Average  specimen  in  this  region:  width, 
8  mm.;  height,  5  mm. 

Spikifer  (Dklthykis)  sculptii.is.  (Hall.)  (Fig.  116.) 
(Fal.  N.  Y.,  Vol.  IV.,  p.  221,  PI.  XXXV.) 

Distinguishing^-  Characters. —  Medium  size;  gil)l)ous  char- 
acter; semi-ellii)tical  to  sub-triangular  outline:  extended 
hinge  line;  sub-angular   sinus,  and  strongly  elevated  fold. 


with  the  sum- 
mit, aattened 
or  grooved; 
small     number 


-^ 


of     nharp     and  Fm.  lltt.     SpirlUr  •culpUU,.     Bmchinl  Biid    pedide  vhIvbs 

ariniptanguUii' 

plications,  ami  Kig7.aglatiiello8e  lines  of  growth. 

Fonnd  in  the  Encrinal  limestone,  at  .Section  5,  etc. 

SnitiKEn  (Deltuvkis)  coxhuiihixt's.  D'Orhigny.  (Fig. 
117.)  (Pal.  N.  Y,.  Vol.  !V.,  p.  222.  PI.  XXXV..  S.  xif^- 
zag.) 

IDmtingiikbing  Cluimcteis.—  Generni  appearauL-e  like  a 
short^winged,  bulging  and  robust  .S'.  mocronatiis ;  high  con- 
cave cardinal  area  of  [H^dicle  valve;  iwnrved  beak;  shaqdy 
tiefined    «inu8,    bounded    by    nti-oiig    plications;     abruptly 

,    ^§  '^ 

Fia.  117.  Hpirifrr  amniMntu.  twrul,  rentrst.  cardinal,  profile,  ami  front  views  □(• 
Ibtkh  And  WKll-prrHorvnl  apeciJint^l  (fRjin  aall). 

elevated  mesial  fold  on  the  brnt-hial  valve,  flattened  or 
grooved  along  the  t«p;  few  (sixteen  to  twenty-four  on  each 
valve)  strong,  elevat+.'U,  angular  jilicatiunH,  which  are 
crossed  by  concentric  zigzag  Inmellose  lines  of  gi-owth,  with 
finer  lines  between ;  radiating  striiu  occasionally  observed. 

Found  in  the  lower  Moscow  sluiles,  two  to  five  feet  abovtj 
the  Kncrinjil  limestone,  at  Sections  4,  i 
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S.  clio.  Hall  ll'iii.  N.  Y..  Vol.  IV..  I'l.  XXXV..  Fij;<».  IS, 
14),  is  a  variety  of  N.  eonsobrinus^  showing  chariicterM  inter- 
nipdiate  betweea  that  sjjeciejt  anil  S.  scnlptilis. 

Si'iitiFEit  (iRAMi-osrs.  ( Coarad.  |  ( Fif;.  118, )  ( Pal. 
\.  v.,  Vol.  IV.,  |..  i>lia.  Pis.  XXXVI.,  XXXVII.) 
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IJistinfFiiisbing  Characters. —Ijar^  Kixe ;  robust  and  bulg- 
ing or  f^bbous  character;  moderatelj'  high,  ciirve<i  area  of 
tlie  pellicle  valve,  which  extendi  to  the  extremity  of  the 
hinge  line;  similar,  but  lower,  area  of  the  brachial  vnlve: 
mesial  sinus,  sub-angular  above,  broad  rounded  iu  front; 
|>i(nninent  rounded  fold,  with  nie<lial  depression;  simple, 
low,  rounded  plications;  strongly  pustulose  or  f^ranulose 
surface. 

Found  in  the  Encrinal  limestone  and  the  Demiasn  bed,  at 
Section  5,  etc,  (common) ;  two  feet  below  the  Encrinal  lime- 
stone, at  Section  6  (two  specimens);  shale  below  the 
Trilobite  beds,  in  Avery's  Ravine,  and  on  the  Lake  Shore 
(rai-e);  in  the  Calcareous  bed,  four  feet  below  the  Trilobite 
beds;  uud  the  Pleurodictyum  beds,  iu  Avery's  Ravine,  and 
on  the  Lake  Shore  (common);  Nautilus  bed,  in  Avery's 
Ravine  and  Erie  Cliff  (rare);  Strophalosia  bed,  Erie  Cliff 
(one  specimen). 

SpiitiFi;i£  citAxiLOBiB,  var.  clixtonx  Hall.  (Fig,  118A.) 
( Piil.  X.  Y.,  Vol.  IV.,  p.  225,  PI.  XXXVII.) 


Distinffnishinf^  Characters. —  Sinus  angular,  cardinal  ex- 
tremities angular. 

Found  in  the  Encrinal  limestone. 

Si'iitiFEH  AUDACULUS.  (Courud.)  (Fig.  119.)  (Pal.  N.  V., 
Vol.  IV.,  p.  227,  PK  XXXViri.,  S.  medialis.) 

Distinguishing  Characters.  —  Larger  and  more  robust  than 
S.  macronatas,  smaller  than  S.  granulosus;  valves  veutri- 
cose  in  old  specimens;  hinge  line  commonly  extended  beyond 
the  width  of  the  shell  below;  moderately,  sometimes  ex- 
ti'emely,  high  concave  area  of  pedicle  valve;  incur\ed  beak  ; 


linear    area    of    brachiiil    vnlve;    slightly    inturveil     beiik; 
well-marki?ii  nifsial  foli]  ami  siims;  Binijile surface  plications; 


Fio.  IIB.    Splri/fr  mula 

uliu. 

:  doTBs]  and  tmi. 

■rtewi  or  Mother  Bperfm 

l.ftWgh«Br«.a 

urt  moi*  proJM/tlng  . 

entr^J  tH»k  (frem 

numerous,  often  imbricating,  conct-iitnc  liuen,  and  fine 
radiating  striw. 

Found  in  the  lower  Moscow  hhale,  at  Sections  4  and  5 
(rare);  also  var.  eatoiii:  Kncrinal  limestone,  at  Section  5 
(common);  Rtictoponi  and  Demissn.  Vieds,  at  Section  5 
(abundant) ;  four  feet  below  the  Encrinal  linieBtone,  at  Sec- 
tion 6,  etc.  (rare);  »hale8  between  the  Trilobite  beds,  at 
Section  8,  and  on  the  Lake  Shore;  Pienrodictyum  beils,  in 
Avery's  Creek,  and  on  the  Lake  Shore. 

Si'iiiiFKn  AntAritLrf,  var.  eatoni.  HhII.  (Fig.  119A.) 
( Pal.  N.  Y..  Vol.  IV.,  p.  2211,  PI.  XXXVIII.) 

Distinguiahinf!  Ciiiiraetf^rs. —  Robnst,  extremely  I'onvex 
and  ii'Bembling  a  small  S.  granulosus,  lint  without  the 
granules. 

Found  in  the  lower  Moscow  shale,  at  Section  5,  coral 
layer. 


# 


i>r  (I  ohsracterislfc  Hpeclmrn  ifroiii  HflUl. 

Spirifeb  ANGDBTrK.  Hnll.  1  Kif?.  120.)  (Pal.  N.  Y.,  Vol. 
IV.,p.230,  Pl.XXXVIIl.A.) 

Distinguishing  Cliaractern. —  Depressed  pyramidal  ourliiie: 
great  lateral  exteiisiun;  pronounced  inpquality  of  valves; 
pedicle  valve  forming  nearly  the  entire  thicknens  of  tlic  shell, 


with  ttii  area  efjnaling  in  height  the  length  of  the  shell; 
deltliyriura  about  twice  as  high  an  wide,  grooveil  on  the 
Hides;  brachial  valve  Hat,  with  n  narrow  area  niid  low 
mesial  fold;  surface  plications  fine,  sitiipk'  and  rounded, 
from  forty-eight  to  fifty-six  on  each  valve. 

Found  in  the  Demissa  bed,  at  Section  ."»  (riire). 
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Sl'iHiFEit  MACRONOTiH.  Hfill.  (Fig.  121.)  (Pal.  N.  Y.. 
Vol.  IV.,  p.  2:n,  PI.  XXXVIIl.A.) 

DistinguinbiDg  Characters.  —  (jeiienil  resemblance  to  S. 
Audurulus  (of  which  it  may  be  only  a  variety),  ilifferiiig 
from  that  species  mainly  in  the  very  high,  flat,  area,  minute 
l)eak,  eompariitively  shallow  mesial  sinus,  which  rapidly 


widens  towiirde  the  front,  and  the  number  of  plications, 
which  varies  from  fifty  to  seventy  on  eauh  vatve,  of  wjiich 
(inly  three  or  four  on  ea«h  side  of  the  fold  and  sinus  reach 
the  leak;  the  delthyriuni  Ih  moi-e  than  twice  iia  high  an 
wide,  and  the  surface  of  the  shell  exhibits  lamellose,  imbri- 
cating growth  lines. 

Found  in  the  Enerinal  linieMtone,  at  Section  5  (common) ; 
Stictopora  and  Demissabeds,  at  tiection  5  (common);  one 
and  one-half  to  three  feet  below  the  Enerinal  limestone,  at 
Section  6  (rare) :  sluile  IkjIow  the  Trilobite  beds,  in  Avery's 
Ravine  (rare). 

Spihifkr  asper.  .Hall.  (Fig.  122.)  (Geol.Sni-v. of  Iowa. 
1858,  Vol.  I.,  Pt.  II.,  p.  oOS.  PI.  IV.) 

Distingiikhing  Clmracteif.  —  Small  size;  sub- pyramidal 
outline;  high,  flat  cardinal  area  of  pedicle  valve;  narrow 
and  high  delthyriuni ;  broail,  comparaf  ively  shallow  sinus, 


2\r, 


■iiie.    COrlglnal.) 


I'apiiJIy  njini)wiii{:;  towai'ds  the  l>eiik; 
low,  loiimleii  fiilil,  brofiil  lielavv,  imiTow- 
iiifl  rapidly  towards  t\w  beak :  fine,  low 
nnd  rounded  stirfac'e  [dicatious  and  graii- 
uloHe  character  of  the  wliole  exterior  of 
the  shell. 

Found  ill  the  Deiiiif^Kii  l>ed,  iit  Section  5, 

SpiiuKKH  iRi:tiliji,akia)  kimhuutis. 
H'onrad.l     (Fi)j;.  123.)     I  Pnl.  N.  Y.,  Vol. 

IV.,  p.  i-u,  Pi.xxxni.) 

I>ktinp;iii!ihiiig('liaravtfrs.  —  Transverwe- 
l_v  sidi-elliptical  outline;  hinge  line  lens  than  width  of  shell; 
I'oundwl  cardinal  extremities;  gibhouB  and  regidarly  con- 
vex   vnlves;    ronnded    Binnw;     well-marked    fold,    obrnptly 


^ 


If >ur.    Prolllt,  front.  <lurBBl.  aucl  vrnitrsl  tJcwH  cF  u  lai'^c  iiii'l 
->  Hull). 

elevated  in  front,  low  near  the  beak;  liifili  and  concave  pedi- 
cle area ;  few  (hIx  to  eighteen  (in  each  valve)  low,  ronnded, 
often  obwcui-e,  plicationn;  concentric  lamellosti  and  imbricat- 
ing growth  linew,  Btuddetl  with  elongated  tubei-cles  or 
MpineH  (finibi-iip),  whicli  in  perfect  n|)etnnienB  show  lateral 
fringes  oi'  Hpinnles. 


K.'J'a.imJ 
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Found  in  the  Encrinal  limestone,  at  Section  5:  the  Sticto- 
pora  and  Demissa  beds,  at  Section  5  (abundant) ;  shales  be- 
^ow  the  Trilobite  beds,  in  Avery's  Ravine  (rather  common) : 
^JPleurodictyum  and  Calcareous  beds  above  (very  rare). 

Spirifer    (Marttnia)   subumbonus.     Hall.     (Fig.   124.) 
(Pal.  N.  Y.,  Vol.  IV.,  p.  234,  PI.  XXXII.) 
Distinguishing  Characters,— YerysmaM  size  (for  a  Spirifer) : 

gibbous  character;  rounded 
cardinal  extremities; 
smooth  or  conc*entricallv- 
striated  surface ;  highcardi- 

Fro.  124.    Spiri/er  »Hbumbonus.  Dorsal  and  ,  i-    i  i 

profile  Wewg  of  a  gpecimen.  enlarged :  en-  nal  area  m  DCdlCle  Valve, 
fargement  of  the  surface   to  ^h>w  the  pits  ^ 

<afterHaio.  with  rouudcd  margins;  ab- 

ruptly incurved  beak  of  pedicle  valve:  narrow,  almost  obso- 
lete, and  never  pronounced,  sinus;  absence  of  fold,  an  im- 
pressed line  occasionally  marking  the  center  of  the  brachial 
valve;  in  well-preserved  and  partly  exfoliated  specimens 
numerous  punct«B  or  pits  appear,  probably  marking  the 
former  position  of  spines. 

Found  in  the  Styliolina  band,  at  Section  1 ;  Moscow 
shale  (up|)er  four  feet),  at  Sections  2,  3,  4  (rare);  Hamilton 
shales,  about  two  feet  below  the  Encrinal  limestone,  at  Sec- 
tion 6  (one  H[)eeimen);  also  in  the  shale  between  the  Nauti- 
lus and  Strophalosia  beds,  in  Avery's  Creek. 

Gkxus  AMBOCOELIA.    Hall. 

[Ety.  :     Ainbon,  umbo;  koilos,  belly.] 

(I860:     18tli  Ann.   Rep't  N.  Y.  State  Cab.   Nat.   Hist.,  p.   167. 
1893:    Pal.  N.  Y.,  Vol.  VIIL,  Pt.  IL,  p.  54.) 

Shell  of  small  size;  piano-,  concavo-,  or  gently  bi-convex, 
the  j)e(liele  valve*  always  deepest,  and  commonly  extremely 
convex,  with  a  strongly  marked,  arched  and  incurved  umbo. 
A  aaiTOw  medifin  groove,  more  or  less  profound,  is  commonly 
present.  The  cardinal  ai-ea  is  arched,  its  margins  are  well 
defined,  and  it  is  divided  by  an  open  delthyrium,  with  incom- 
plete   deltidial    plates.    Strong   articulating   teeth,  and    a 
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well-nmrkt'd  muHcular  area  occur.  The  brachiui  valve  is 
alwayw  convex  at  the  iieak,  belowwhith  it  heconieK  flattened 
(ir  slightly  concave,  or  else  continiies  with  more  or  less  uii^^ 
form  arcuation.  Area  narrow;  cai*dinal  proi-ess  hing  and 
narrow,  bifurcated  at  the  free  end.  Brachidiuni  connists  of 
looeelj  coiled  spirals,  similar  to  Spiriter. 

AMHOc^fELiA    uMiiONATA.     ( Conrad. )     (Fig.    125.)     (Pal, 
N.  Y.,  Vol.  IV.,  p.  259,  PI.  XLIV.) 

IJistinguishiiig  Clmrarters. —  Plano-convex,  almost  hemi- 
spherical contonr:    stroTig.  distinct  and  continuous  mesial 


i^ntral.  profllp,  and  t.-Hii>iiiiu  mns 
inlerinrni  h  tirnvblol  vnlre  bdIbi 


leilded  in  It.  enW^™ 


aim  wpU  prowrved  ninelmeu  0(  normiu  rorai ; 
Itta  rimiwular  ImjinHilriiui.  Hockelit.  ntr.;  Inttii 
dFlUiyriuiii.leeUi.iitc.;  molit  of  iDtnriar.  vit  h 
<rrorn  Hall). 


sinus  in  the  pediele  valve,  wliich  is  very  gihlions;  semi-elii[i- 
tieal  brachial  valve,  which  is  faintly  convex  at  the  umbo, 
and  concave  below  tlie  middle  and  at  the  sides;  shell  slightly 
wider  than  long. 

Found  in  the  Moscow  shales  (very  i'nre  in  the  upper,  but 
common  in  the  lower  two  or  tiiree  feet,  extremely  nburidant 
iti  the  lower  foot),  at  Sections  4  and  o;  Encrinal  limestone, 
at  Section  5  ( rare) :  Lower  shales,  at  Sections  5  to  S,  and  on 
the  Lake  Shore { more oi- less  al)nndHnt  throughout);  Transi- 
tion shnJes,  on  the  Ijike  Shore  (frequent) ;  Marcellus  shale, 
in  Bay  View  Cliff  (not  uncommon), 

AMHocffJUA  NANA.  Grabau .  (Fig.  12*).)  (1898:  Aiiiho<ip- 
liii  iimhiiUHtii,  vnr.  nitnn.    Ciahau.     Iteport  of  X.  Y.  State 
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Geologist  and  Palaeontologist  for  1896.     Faunas   of   the 
Hamilton  Group,  etc.,  p.  276.) 

Distinguishing  Characters, — Small  size;  transverse outlincy 
the  pedicle  valve  being  much  broader  than  long;    convex 

brachial  valve,  usually  bear- 
ing a  shallow  depression 
along  the  center;  numerous 
elongated  pits  covering  the 
surface,  showing  spine  ba«es 
in  well-preserved  specimens. 
Found  in  the  Nautilus  bed 
at  the  base  of  the  Hamilton  shales,  on  the  Lake  Shore  and  in 
Avery's  ('reek  (abundant);  Strophalosia  bed,  on  the  Lake 
Shore  (very  rare). 

Amhoc(p:lia  PR/i:rMBONA.    Hall.    (Fig.  127.)    (Pal.  N.  Y., 
Vol.  IV.,  p.  262,  PI.  XLIV.) 

Distinguishing  Characters. —  Large  size;  sub-globose  char- 
acter; short  hinge  line;  length  greater  than  width;  ventri- 


Fio.  ]26.  AmboccRlia  nana.  Cardinal  and 
dorsal  views  of  a  characteristic  specimen, 
from  the  Nautilus  bed,  enlarf^ed  (after  Gra- 
bau). 


Fio.  187.  Ambocmlia  prceumbona.  Two  brachial  valves;  pedicle  valve  and  proflle  of 
same  (from  Hall). 

cose  pedicle  valve,  with  narrow  depression  along  center; 
moderately  convex  brachial  valve,  occasionally  bearing  a 
median  depressed  line. 

Found  in  the  upper  Moscow  shale  down  to  four  feet  from 
the  top,  at  Sections  1  to  5  (abundant). 

Amboccelia  spinosa.  Clarke.  (Fig.  128.)  (13th  Ann. 
Rep't  State  Geol.  N.  Y.,  Vol.  I.,  p.  177,  PI.  IV.) 

Distinguishing  Characters. ^Rnther  large  size;  hinge  line 
e(]ual  to  width  of  shell ;  bi*achial  valve  concave  anteriorly, 
with  upturned  margins;  low  median  elevation,  indistinct 
and  (lisa])})ea]'ing  towards  the  front;  elongate  surface  pits, 
probably  marking  positions  of  spinules. 
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Measui'ements. —  Oi-igiunl  specimen 
fChirke):  lengtrh,  7  mm.;  width  on  the  hinge 
line,  9  mm. 

The  original  specimen  comes  from  the 
I*ivonia  Salt  Shaft  (Huiiiilton  Hhalew). 
Specimens   Hhowinjj;  the  pits,  hut  otlier-     fio,  isa   AnixKirUa 

'  >-•  ,     J         '  upiHOKi.  BnKhlal  valve 

wiHt'  not  (lifiering  much  from  A.  utnboimta,  <•'  "«  type  upwimen. 

f  '    much    enlarjtwl    Wtr-r 

have  l>een  found  at  Eighteen  Mile  Creek,  cU'teJ 
ami   Hi-e  reteiTetl  to  this  MjHicies.     They  were  found  in  the 
following  positions:  Moscow  shales,  twr)  feet  below  Stvlio- 
Jinn  hand,  at  Section  3;   Hamilton  shales,  nine  to  twenty- 
five  feet  lielow  the  Fliicnnal  limestone,  at  Section  7. 

Gems  CYRTINA.     Davidson. 

[Ety.  :    Kyrtin,  a  fishing  basket.] 

(1858;   Moiiogr  Britlsli  Curbonlt,  Bracliiopoda,  p.  68.     1893:   PbI,  N.  Y.. 

Vol,  Vni.,  Pt.  II„  p,  48,) 

Shells  Spirifer-like ;  usually  small;  valves  very  unequal; 
l>edicle  valve  elevated,  with  a  high  cardinal  area,  the  del- 
tliyi-ium  of  which  is  covered  by  an  elongate,  convex  pseudo- 
dettidium,  which  is  f)erforat<K]  below  the  apex.  Surface 
plicate.  Dental  Janiellte  strong,  converging  rapidly,  and 
meeting  a  median  se|)tum.  Cardinal  process  a  double 
ji[io|iliysis.     Brachidium  an  extroverted  spire, 

CvKTiNA  hamiltom;nmis.  Hall,  (Fig.  129.)  (Pal.  N.  V., 
Vol.  IV.,  p.  268,  Pis.  XXVII.,  XLIV.) 

I Ustiiiffuishing  Characters. —  Small  size;  pyramidal  char- 
acter of  [jedicle  valve;  slightly  convex  brachial  valve;  high, 

i^  #  ^  # 


triiingnlar,  commonly  areuatfi,  ai-ea;  incurved,  fre(|uently 
distorted,  beak;  strong  mesial  sinus;  broad  fold;  six  to 
eight  plications  on  each  side  of  fold  and  sinus. 
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Foiiiui  in  the  lower  Moscow  shale  (?);  Stictopora,  and 
Deiuisea  l>eii8,  at  Section  5  (common);  four  to  five  feet  below 
the  Ent-rinai  limestone,  at  Section  (i  (very  rare);  nine  to 
twelve  feet  lielovv  the  Encrinal  limestone,  at  Section  7  (very 
rare);  shale  below  the  Trilobite  beds,  in  Avery's  Creek 
(rare) ;  Pieurodictyuni  Wds  «nd  Cfllmreous  bed  above  them, 
in  Avery's  Creek  (rare). 

CVRTINA   HAMILTONEN8I8,    Var.  RK(  TA.        Hall.        (Fig.    130.) 

(Pal.  N.  Y..  Vol.  IV.,  ji.  270,  PI.  XIJX.) 

Distinguishing  Cbar- 
arfer«.  — Plane  flat, 
area;  angular  plica- 

Pio.  ISO.  O'.-fiiui  AamiVfonenou.  var.  recfrt.  ItaiHl,  tlollS  ;  bCak  nnt  ill- 
Bntrar.  and  canUniil  views  ttroiu  Hail}.  , 

curved. 
Found  in  the  upper  Pleurndictyum  bed  (rare). 


Genxr  PARAZYGA.     Hai.l  and  Clarkk. 
[Ett.  :    T^tra,  bcBiile;  tygo*,  yoke.] 
(1808:  Pal.  N.  Y,,  Vol.  VIII,.  Pi.  11..  p.  127.) 
Shells   transverse,    biconvex;   valves  nearly  equal,  with 
median  fold  and  siiuis.     Umbo  of  pedicle  valve  closely  in- 
curved.    No  hinge  area.     Surface  covered  witii  numerous 
fine,  rounded,  simple  ribs,  extending  alike  over  me<lian  fold 
and  sinns.  and   bearing  short  hair-like  spines,  which  are 
commonly  broken  off,  leaving  only  iheir  bases,     Brachidiiim 
a  spire, 


Od^ 
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Pakazyga  hirsuta.  Hall.  (Fig.  131.)  (Pal.  N.  Y.,  Vol. 
IV.,  p.  274.) 

Distinguishing  Characters,— Length  and  breadth  as  three 
to  four;  well-marked  mesial  fold  and  sinus,  the  sides  of 
which  are  not  strongly  defined;  granulose  surface,  from 
breaking  off  of  spines. 

Found  at  Eighteen  Mile  Creek,  in  the  Hamilton  shales 
(Hall),  position  not  determined. 

Genus  TREMATOSPIRA.    Hall. 

[Ety.  :     Trema,  foramen;  spira,  spire.] 

(1859:     12th  Rep't  N.  Y.  State  Mus.  Nat.  Hist,  p.  27.     1893:     Pal. 

N.  Y.,  Vol.  VIIL.  Pt.  IL,  p.  124.) 

Shells  transverse,  with  sub-equally  convex  valves.  Sur- 
face radially  plicate.  Hinge  line  sti'aight,  cardinal  extremi- 
ties abruptly  rounded.  Anterior  margin  sinuate.  Pedicle 
valve  with  a  median  sinus  and  an  incurved  beak,  truncated 
by  a  circular  foramen.  Delthyrium  covered  by  two  short 
incurved  plates,  which  are  usually  closely  anchylosed,  and 
appear  continuous,  with  a  narrow  flattened  false  area  on 
either  side.  Lower  half  of  the  delthyrium  open,  for  the 
recej)tioii  of  the  beak  of  the  brachial  valve.  Teeth  promi- 
nent, arising  from  the  bottom  of  the  valve;  above  the  hiiige 
line  they  curve  backwards  and  towards  each  other,  thus 
making  a  very  firm  articulation.  Muscular  area  well  de- 
fined. Brachial  valve  with  median  fold,  and  minute  beuk. 
Hinge  plate  greatly  elevated,  with  a  small  chilidium  resting 
against  it;  upper  face  of  plate  deeply  divided  by  median 
longitudinal  groove,  and  more  faintly  by  transverse  groove. 
Dental  sockets  small  and  deep,  crura  broad,  thin  and  com- 
paratively short.  Brachidium'of  two  spiral  cones  set  base 
to  base,  as  in  Spirifer. 

TUKMATOSPIHA  GIBBOSA.  (Fig.  131A.)  (Pal.  N.  Y.,  Vol. 
IV.,1).  273,  PI.  XLV.) 

Distinguishing  Characters, —  Abrupt  sinus  and  fold,  especi- 
ally in  old  shell;  nine  or  ten  angular  plications  on  surface; 
three  small  plications  on  fold,  and  two  small  ones  in  mesial 


sinus;  ziKZHjEi:  linen,  formed  by  concentric  InmcllEe  of  pi'owth 
in  crossing  plications;  yranulose  chnraftei-  of  Burface. 

Fouiitl  in  the  Huniilton  ;5i-oiiii,  at  Kiglife^n  Mile  Ci-et-l 
(Coll.  Am.  MuH.  Nat.  Hist.  New  Yorlv.) 

Gents  NUCLEOSPIRA.    Hai.i.. 

[Ety,  :  NiirUiM.  kernel  ;  *iiir<i,  spire] 

(ISW:   12tli  Rep't  N.  Y.  State  Cab.  Nat,  lliat.,  p.  3*.     1893:   Pal.  N.  Y., 

Vol.  V"in..  Pt,  II.,  p.  142.) 

Shells  Hsnnlly  Nmall;  nub-tiicular  hi  outline;  biconvex 
with  the  valves  nearly  ec|nal,  often  f^bbous.  A  small  a 
[iresent  on  the  pedicle  valve,  hnt  it  is  obscui-ei]  Ijy  the  incurv 
ature  of  the  beak.  Strong  teeth,  and  a  median  septum  occui 
in  the  pedicle  valve.  Surface  in  perfect  specimens  covere 
with  nnmei-Qus  long,  slender  spines,  smooth  in  worn  or  mno 
erated  specimens.     Braeltidiiini  a  double  spire. 

NuoLEOspiRA  c'o.NciN.NA.     Hall.    { Fi^.  132.)    (Pni.  X.  Y,, 
Vol.  IV.,  p.  279,  n.  XIV.) 

Distinguishing  Clmrai-ters. —  Nearly  circular  outline;   sub 
eqnally  convex  valves;  median  aeptnm  (or  its  iinpressio 
the  int<'rnal  mold ) ;  wn-face  spines. 


aa  I 
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Found  in  the  lower  Mokcow  shales,  at  Sectic^Dhnd  5 
(rare);  Encrinni  limestone  (?),  at  Section  5;  Stiet^Cra  and 
Deinisea  beds,  at  Section  5,  etc.  (abundant);  Low^jshales, 
occasionally  down  to  the  NautiluK  bed,- at  Sections- 5  to  8 ; 
and  on  the  Luke  Shore, 


(iENUs  ATHYRIS.    McCoy. 

[I^TV. :     A,  without;  thyrit,  amall  door,  i.  e.,  abgeocc  oF  delUdial  p1at«8: 
erroneouBly  applied.] 


(1844  :   Synopsis  Carbon,  Foss.  Ireland,  p.  I 
Vol.  VIII..  Pt.  II.,  p.  f 


;   PalN,  v., 


Shell  biconvex,  with  the  valves  nearly  equal;  outline  vai-y- 
inji'  fr<ini  Hub-circnlai-to  transversely  elliptical.  I'edicle  valve 
with  the  beak  incurved,  the  pedicle  opening  and  deltidial 
[ilats-s  unuolly  concealed.  Teeth  prominent,  recurved  at 
the  tips,  and  wujiported  by  stout  dental  laniellas.  Strongly- 
imuked  niuscnlar  impressions.  Brachiul  valve  with  the 
beak  small,  the  dental  sockets  broad  and  deep,  and  the  hinge 
pliite  strong,  and  perforated  by  a  "visceral  foramen." 
Ilrachidimn  consisting  of  spiral  cones  placed  base  to  base. 
Surface  lamclioiie,  the  pedicle  valve  marked  by  a  shallow 
sinus,  and  them-iichial  by  a  corresponding  gentle  elevation. 

Atuvris  si'iitiFEitoiDES.  (Eaton.)  (Fig.  133.)  (Pal. 
N.Y,,  Vol.  IV.,  p.285,  PI.  XLVI.) 


Fin.  I  as.    Athyrit  ipirifrToida.    Dorsal,  reDtrnl.  cardinal,  u 


Fin.  138.    AthurittpirifrTi 
WriBttc  Mpeoimen  ffrom  Hall). 


Distinguishing  Chiira.cter8.  —  Robust  t-huracter;  size; 
"shouldered"  expression;  greater  convexity  of  brachial 
valve;  "nasute"  front,  caused  by  deep  Hinus;  coarse  surface 
lamellee;  outline  of  niuacuiar  impressions. 

Found  in  the  iipjier  Moscow  shale,  two  feet  below  the 
Styliolina  band,  at  Section  3  (very  rare);  lower  Moscow 
shale,  at  Sections  4  and  5  (common);  Encrinal  limestone, 
at  Section  5  (common);  Lower  shales  (fairly  common  below 
the  Deniissa  bed, abundant  nine  feet  below  the  Encrinal  lime- 
stone— A.  npiriferoidfs  bed);  also  twenty  feet  Vielow  the 
Encrinal;  also  in  the  il/ot/Zoniorp/ia  ««6fl/afa  bed;  itisagain 
abundant  in  theshale  between  tlie  lower  and  middle  Trilobite 
layers;  ami  occurs  as  low  as  the  Nantilns  bed,  and  the 
shales  below  it. 


Gknts  MERISTELLA.    Haj.i.. 

[Ety.  :     Diiniimtive  of  Meriata;  meroa.  aparlmc-uL  (tlmmluT).] 

(1860  :  latli  Rcp't  N.  Y,  Sute  Cnb.  Nat.  Hist.,  p,  74.     1898:  Pal,  N.  Y.. 

Vol.  VIII.,  Pt.  II.,  p.  73.) 

Shell  unequally  biconvex,  often  inflated,  varying  from 
transverse  to  elongate  in  outline;  cardinal  areaw  obscure. 
Anterior  niai^in  sinuate,  caused  by  sinus  and  fold,  which 
appear  only  near  the  front  of  the  shell.  Umbo  of  the  pedicle 
valve  incurved  at  maturity,  concealing  most,  if  not  nil,  of 
tile  foramen.  Teeth  strong,  supported  by  lamellae;  deep, 
sub-triangular  muscular  impression  in  ywdicle  cavity.  In 
the  brachial  valve  a  mediun  septum  supports  the  hinge 
plate,  and  extends  for  somewhat  more  than  one-third  the 
lenjjth  of  the  shell.     ISnichidnini  a  spire. 
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Mekistei.la  HASKIX8I.  Hall.  (Fig.  IM.]  (I'al.  \.  Y., 
Vr.l.  [V.,  p.  30(i,  PI.XLIX.) 

lUstingiiishing  Chararters. —  Broadly  ovtitt-  outline,  witli 
lii-eatest  width  trnftirior  to  tlie  middle;  length  and  width 
about  equal;  slight  siniintioii  in  front;  anchylosed  dcltidial 
plates;  fine,  threuil-like,  conV-entric  surface  striip.  aad  oira- 
tiioiially  faint  radiating  striee. 

Found  in  the  EncTinal  limestone,  tit  ^iectilJn  ."i  ( ciitlier  ivii-e). 

MkKIHTIOI-I.A  IKJSTHATA.  Hnll.  (Fig. 
135.) 

(Pal.  .\.V.,Vol.  IV.,  |).  y07,  I'U.  L., 
LXin.) 

Dintingiiisliiiig  Characteiv.  — SuudI 
size;  greater  length  thiin  width. 
rounded  below  nnd  often  subattenu- 
at«  above;  nhallow,  rounde<l  sinus  in 
[ledicle  valve;  fine  eain-entrit-  stria-, 
and,  in  exfoliated  Bpeciniens,  Mlcnder, 
distant,  radiating  atriie. 

Found  in  the  ICucrlna!  liiin-sturie.  at 
Seotiiui  ."  (rnre(. 


6  J 


Fio.  IW.  lirritteOa  rc»tru(a. 
Profile.  <Wm1,  vuntra],  uiil  Iront 
TiewB  of  ft  Bpttrtintfu  (from  Hall), 


i^r«t  c,t  two  otlirr  IndlvltliialH  (fn^m  Ha[l 
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Mp:kistella  harrisi.  Hall.  (  Fi^.  135A.)  (Pal.  X.  Y., 
Vol.  IV.,  p.  304,  PI.  LXIX.) 

Distinguishing  Characters. —  Gibbous  form;  rather  closely 
incurved  beak  of  pedicle  valve,  which  overarches  that  of 
brachial  valves;  pedicle  valve  depressed  in  front,  and  in  old 
shells  produced  into  a  short,  linguiform  extension:  abrupt 
elevation  near  anterior  margin  of  brachial  valve:  smooth  or 
concentricallv  striate  surface. 

Found  in  the  Hamilton  group  of  Erie  County.  (Coll.  Am. 
Mus.  Nat.  Hist.  New  York.) 


Genus  ATRYPA.     Dalman. 

[Ety.  :    A,  without  ;  trt/jxi,  foramen  :  erroneously  applied.] 

(18-28:   Kongl.  Veteuskaps.  Akad.  Ilandlingar.,  p.  127.     1893:   Pal.  N.  V., 

Vol.  VIII.,  Pt.  II.,  p.  163.) 

Shell  varying  in  outline  from  nearly  circular  to  longitudi- 
nally sub-oval.  Valves  very  unequal,  brachial  valve  being 
strongly  convex  or  gibbous,  while  the  i)edicle  valve  is  gently 
convex  or  almost  flat  or  sometimes  slightly  concave,  from 
the  strongly-marked  sinus.  Beak  of  the  i)edicle  valve  small 
and  incurved  over  that  of  the  brachial.  Large  widely-sepa- 
rated and  doubly -grooved  teeth  are  present,  unsupported  by 
lamellae.  Strong  muscular  impressions.  Spirals  of  the 
brachidium,  with  their  bases  parallel  to  the  inner  surface  of 
the  pedicle  valve,  and  the  apices  directed  towards  the  deepest 
point  of  the  opposite  valve.    Surface  radially  plicate. 

Atrypa  KETicrLARis.  (LiuiiaBus.)  (Fig.  186.)  (Pal. 
N.  Y.,  Vol.  IV.,  p.  81(3,  Pis.  Ll.-LIII.A.) 

Distinguishing  Charncters. —  Great  convexity  of  brachial 
and  slight  convexity  of  pedicle  valve;  rounded  bifurcating 
surface  plications,  reticulated  by  concentric  striations. 

Found  in  the  lower  Moscow  shale,  esjiecially  in  the  coral 
layer,  at  Sections  4  and  o  (common):  Stictopora  and 
Demissa  beds,  at  Section  T^  (abundant) ;  shale  down  to  nine 
feet  below  the  Encrinal  limestone  (rare). 


Flo.  188.  ,»rv)i"  r»'/'Tlnri*  Inlerlorof  brsebtol  ■ml  pedlclp™iVBi:  vmtml  ( pwlielpl. 
■tortial  (bruililal).  aiul  latrrKl  vleyn  nt  Um  ifxterlnr  iif  ■  Bpei-lmeD  :  vletm  of  iDIvrtor,  Willi 
pcdlete  vnlvi-  rpmovwl,  vltli  bnuhlnl  fairs  rvmiinHli  showliiM  I3if  |>oidttuii  bim)  uhnnuidani 
of  ihe  ipiral  hraclilillo  (from  Hall). 

Atryp.\  8n\(w.\.  Hall.  (Fij;.  137.)  (Pal.  N.  V..  Vol. 
IV.,  [1. 322.  PI,  LI  1 1.  A.  I    t  =  A.  liiipero  (if  Antericnii  niitliorH.) 

Diftiiiguialiin^  Cliiir/irtern. —  Gi-eater  e(]Uiility  of  vhIvpb, 
wliit-li  are,  in  Moiiie  H]iefiiiieiiB,  iiliiiOHt  eqiuiUy  fdiivex  ;  cour.sc' 
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plications,  which  end  ronghly,  or  in  i)erfect  specimens  are 
produced  into  spines  projecting-  beyond  the  growth  Hnes. 

Found  in  the  coral  layer  of  the  lower  Moscow  shale,  at 
Section  .">  (ahiindaiit;  one  specimen  was  found  above  this). 

(Jenus  VITULIXA.    Hall. 

[Ety.  :     Mythological  name.] 

(1860:    13th  Kep't  N.  Y.  State  Cab.  Nat.  Hist.,  p.  73.     1893:   Pal.  N.  Y., 

Vol.  yiII.,Pt.  II.,  p.  138.) 

Shell  rather  small,  plano-convex,  transverse,  the  hinge  Hue 
making  the  greatest  diameter  of  the  valve.  Pedicle  valve 
convex,  with  a  well-developed  cardinal  area,  divided  in  the 
center  by  an  open  delthyrium.  Blunt,  thick  teeth,  unsup- 
ported by  lamellae,  are  present.  Brachial  valve  flat  or  very 
gently  convex,  with  a  narrow  area  divided  as  in  the  pedicle 
valve.  Cardinal  process  straight  and  simple.  Surface  cov- 
ered with  a  few  coarse  plications.  Brachidium  consists  of 
loose  si)irals,  the  apices  of  which  are  directed  towards  the 
lateral  margins  of  the  shell. 

ViTULiXA  PUSTULOSA.  Hall.  (Fig.  138.)  (Pal.  N.  Y.,  Vol. 
IV.,  p.  410,  PI.  LXII.) 

Distinguishing  Characters. —  Size;  rounded  plications;  ele- 
vated fold,  with  depression  in  thecenter  on  the  pedicle  valve; 
corresponding  sinus  with  a  simple  or  double  low  plication  in 


Fio.  138.    Vitulina  pustuloaa.    Dorsal,  ventral,  profile,  and  cardinal  views,  and  interiors 
of  pedicle  and  brachial  valves,  enlarged,  x  2  (from  Hall). 
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the  center  in  the  brachial  valve;  interrupted  radiatin^r  lines, 
which  form  rows  of  elong'ated,  lachryniiform  pustules. 
Found  in  the  thicrinal  limestone,  at  Section  T)  (common). 

Genus  CAMAROTCECHIA.    Hall  and  Clakke. 

[Ety.  :     Kamara,  arched  chamber.] 
(1893:   Pal.  N.  Y.,  Vol.  VIIL,  Pt.  IL.  p.  189.) 

Shell  rhvnchonelloid,  trihedral  in  contour,  with  shallow 
pedicle  and  convex  brachial  valve.  No  hinge  area.  Beak  of 
pedicle  valve  projecting  and  incurved.  Surface  radially  pli- 
cate, sinus  and  fold  in  pedicle  and  brachial  valves  respectively. 
Distinctive  internal  characters  (separating  this  genus  from 
other  "  Rhynchonellas^')  are:  a  median  septum  in  the  brach- 
ial valve,  which  divides  posteriorly,  so  as  to  form  an  elongate 
cavity,  which  does  not  extend  to  the  bottom  of  the  valve. 
No  cardinal  pi'ocess.  In  the  pedicle  valve  slender  vertical 
lamelhe  support  the  teeth. 

('amarot(E('hia  noRSFORDi.  Hall.  (Fig.  139.)  (Pal.  N.  Y., 
Vol.  IV.,p.  :W<),  PItLIV.) 

I>istiiig'uishing  Chuvacters,  —  Transversely  8ub-ellii)tical 
outline:  nearly  straight  or  broadly  rounded  front;  length 


Fi(i.  \?Q.     Cmnarotcechia  hors/ordi.    Cardinal,  front,  doi-Hal,  ventral,  and  profile  view.s 
(from  Hall;. 

and  width  about  as  five  to  six  or  seven ;  sinus  of  pedicle 
valve  appearing  first  at  about  the  middle  of  the  shell, 
abruptly  curved  upwards  in  front;  mesial  elevation  of  l)rach- 
ial  valve  defined  below  the  middle;  fifti^en  to  twenty-four 


2.^0 

angular  plit-ntioiiH  on  eacli  valve,  uf  wIiilIi  four  tn  sevt*n 
mark  the  fold  or  sinus:  timceiitriL-  utidulatiugBtria', 

FouDiI  in  t!ip  Inwei-  Moscow  shale,  at  Sectious  4-  and  5 
(rare);  Encriual  HmeBtone,  at  Set-tiou  j  (rare);  Stictoponi 
bed.  at  Section  5  (rai-e);  Xautihis  beil.  in  Erie  Cliff  I' I.  I  very 
rare). 

rAMAiiOTaxHTA  sAi'PHo.  Hiifl.  |  F\ix.  140,)  (  I'nI.  N.  Y., 
Vol.  IV..  p.  .-Uu,  PI.  LlV.l 


.^_.,^M 

Hiul  lairral  vleus  of  n  ('lmriu.-U>ru?lc  xpniniiTii  i^trom  Hail;. 

Dmfingfiishing  Cbiimcten^. —  Rather  largt  siitf:  robust 
diaracter;  broader  than  long;  shalliiw  pedicle  valve,  wliicli 
iw  prominently  convex  only  at  the  undio,  and  is  depi-enBetl 
towards  the  front  into  a  ninus.  which  first  becumcK  perwpti- 
hle  near  tJie  middle  of  the  leugth ;  more  or  less  iiicurvei]  beak 
of  |)edicle  valve;  gibbone  brachial  valve,  with  the  fold  con- 
HpiciiouH  only  near  the  front;  coai'se  plications,  twenty  to 
twenty-four  on  each  valve  in  mature  specimeuM,  all  incised 
towards  the  front,  for  the  reception  of  the  opposite  plica^ 
tion  ;  ainns  and  fold  with  four  to  six  plications  each. 

Found  in  the  Encrinal  limestone,  at  Section  .">  (frequent); 
Lowei'  shales,  down  to  thi-ee  feet  below  the  Encrinal  lime- 
stone, at  Sections  ."i  and  6:  seventeen  to  twenty-one  feet 
l)elow  tlie  Encrinal  limestone,  at  Sei'tion  7  {common) ;  mid- 
dle Ti-ilobite  tied  (very  rare);  also  in  the  Pleurodictyum  beds, 
in  Averv's  Creek. 


i:n 


{  Fi^^  Ul.)    (I'lil.  N.  Y.. 


'vate  oiit- 


('A.MAitl»T'i:rilIA    IIOTIS,      Hil 

Vul.  ]V.,  ]i.  :S4-1,  PI.  IJV.) 

histingnishing  Chit  meters. —  Sub-triaiiftiilarly 
lint':  roiiudeii  or  semi-truncfite  front: 
sliallow  sinus  unci  modei-atefoM:  plica- 
tions roiiniltHl  or  sub-nn{;iilar,  about 
fif^litt^n  ill  imniber  (in  full-jn'Own  upeci- 
nicns),  those  of  tlie  pbbous  bvat'Iiial 
valve  abruptly  curved  down  to  tlie  jiedi- 
ile  valve;  plications,  coninionly  three  or  afiu.' '*iKnM'^^"'^"i 
fonr  in  the  simis  and  [onr  oi- five  on  the    r nSH^ Nsmiiiw'hwiTx a! 

Found  in  the  Encrinal  liniewt<)ne,  at  Section  5  (rare) ;  Naii- 
lihis  bed,  in  Avery's  Creek  and  north  shoi-e  wecti<»n8  (abun- 
dant) ;  Strophalosia  l>ed  (?),  in  Erie  ('liff. 

CASiAKOTtKCHiA  n»MiiiK«iATA.  (Courud.)  (Fig.  14-1  A.) 
(I'id.  X.  Y.,  Vol.  IV..  p.  a-tl,  PI.  LIV.) 

Distinguishing  diarnrters. —  Robust  character;  abru])t 
riirvatnre  <if  sides;  moderate  fold  and  sinus;  conspicuous 


L-liarncter  of  siiuis  at  the  front;  thi-ee  or  four  plications  in 
sinus  anil  four  or  five  on  mesial  fold. 

Found  in  n  Calcareous  band  in  the  Hamilton  group,  at 
Alden.  Erie  Co.  (Hall);  and  at  Eighteen  Mile  Creek.  (Coll. 
Am.  Muw.  Nat.  Hist.  Xew  York.) 


Uiisis  I-EIORHYNCHUS.    Hai. 

[Ety.  :  Le<o»,  smootli:  rkynelwn,  beak.j 

liyon:  IStii  Ann.  Rep't  N.  Y.  8wte  Cab.  Nal.  Hial.,  p.  T5. 
1893:    Pill  N.  Y,.  Vol  VIII..  Pt.  11..  p.  193.) 

Eliynchoiielloid  shells,  with  the  iJlieatione  on  the  iiitM:linn 
fold  and  sinus  hif^lily  developed,  bnt  tlmw  on  the  liiternl 
sloijes  nunnlly  slightly  dpvelopetl.  Other  fxtei'inil  fentiiivs 
as  in  Camardtrwliia. 

Leiorhynchls  MULTicosTL's.  Hdll.  (1*V-  l-^-- )  (  PhI. 
N.  Y.,  Vol.  IV.,  p.  358,  PI.  LVI.) 

Distinguisbing  Characters. — Ovnte  outline;  lenfjth  and 
greatest  width   nenrly  e(]Uiil   (except  in  fonipi'pssed   epeci- 


4^  ^  w 


?e  pwtiele  tbIv™,  one  much 


dSortL^'riKmH 


Fra.  148.    Tjelerhynchui  m 
iBl valToiDf dUTerentssca:  tl 


mens) ;  three  to  seven  rounded  plicutiona  in  the  sinus  and  on 
the  [old.  all  bifurcating;  obsL'urely  bitnrcating  lateral  plieo- 
tions,  whioh  become  nbfioiete  near  the  beak;  cnuceutric 
Htri*p.  This  sixties  is  considered  identical  with  L.  /aura 
(Billings). 

Found  in  tJie  upjier  and  lower  Moscow  shales,  at  Sections 
1  to  8,  and  oti  tire  Lake  Shore  (especially  abundant  in  the 
Schizobolus  lieda);  Lower  shales,  five  feet  below,  and  from 
Fourteen  feet  lielow  the  Enerinal  limestone  down,  at  Sec- 
tions 7  and  8.  and  on  the  Lake  Shore  (often  abumlanK, 
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I>k[oi{HV.\(;i[i;hqi:aii|{|(()8tatim.  ( Viiinixeiii.)  (  Fiy;.  143.) 
(Pal.  N.  Y.,  Vol.  IV.,  p.  357.  PI.  LVl.) 

DintingitisliiiigC'Iiaractern. —  Broadly  ovtite outline;  almost 
smooth  lateral  slopes,  the  plieatioiis  being  verv  faint;  uninli 


i7ih  €a 


iinnil>er  (three  to  five)  of  rounded  plications  on  the  fold  and 
fiiinw.  This  species  is  normal  in  the  Genesee  slate,  bat  has 
not  lieen  fonnd  in  it  in  the  region  under  discussion,  Sjwci- 
niens  ap|iroaching  it  in  ehamcter,  if  not  identical  with  it, 
occur  in  the  upper  Moscow  shale,  at  Section  1. 

I.,KioitHY.VHi:s  i-iMiTAific.  (VanHXcni.)  (Fig.  144.)  (I'al. 
X.  v..  Vol.  IV.,  p.  3r)6,  PI.  LVI.) 

Distiiifiiiishing  Chunicters. —  Ovate  to  sub-orbicular  out- 
gibbous  char-  


old  uncom- 
1  .sijeciniens; 


d    9 


iwn  (fro: 


uicHJal  fold  andsinus       fio.  !«.   uio 

become    developed 

Ileal-  the  fi'ont;  numerous  angular  or  sub-angular  plications, 

those  of  the  fold  and  sinus  bifurcating,  those  of  the  lateral 

shipes  rarely  dividing;  fine  concentric  stride. 

Found  in  tin;  lowest  ten  feet  of  the  Transition  shales,  in 
the  Lake  Slioi-e  sections;  upjier  Marccilus  shales,  in  liny 
View  fliff. 

T-i;TO[(fivxun:B  nrnn'M.  Hall.  (Fig.  145.)  (Pal.  X.  V., 
Vol.  IV.,  p.  .'{G4.  PI.  LVII.I 

DistinguiNliiiig  Cliararters.  — Ovate  outiine,  rajiidly  e,\- 
piiudiug  towards  the  front;  moderate  and  almost  equal 
coin'cxity  of  valves;   very  faintly  develo|)ed  told  and  sinus: 


•234: 


Fig.  145.    Leiorhynchua  dubium.    A  specimen  without  fold  in  brachial  valve;  dorsal, 
ventral,  and  profile  views  of  a  more  strongly  marked  individual  (from  Hall). 

twenty-four  to  twenty-six  slender,  rounded  surface  plica- 
tions, of  which  about  six  are  on  the  fold. 

A  specimen  from  Section  7,  seventeen  to  twenty-one  feet 
br^low  the  Encrinal  limestone,  appears  to  l^e  of  this  species. 


Genus  CENTROXELLA.    Billincjs. 

[Ety.  :     A  little  point.] 

(1859:   Ciumdiiin  Naturalist  and  Geologist,  Vol.  IV.,  p.  131.     1898:    Pal. 

N.  Y.,  Vol.  VIII..  Pt.  II.,  p.  265.) 

Shell  plano-convex  or  concavo-convex,  with  a  terebratu- 
loid  outline.  The  beak  of  the  pedicle Aalve  is  acute  and  in- 
curved, with  a  terminal  foramen,  which  is  continuous  with  a 
partially-closed  delthyrium.  The  brachial  valve  bears  a 
median  sinus,  while  the  center  of  the  pedicle  valve  is  angular, 
the  sides  sloping  off  i*ai)idly.  The  brachidium  consists  of  two 
branches,  which  unite  medially  to  a  triangular  plate  l>ear- 
ing  a  median  ridge. 

('exthonell.\  impi{Ess.\.  Hall.  (Fig.  14G.)  (Pal.  N.  Y.^ 
Vol.  IV.,  p.  402,  PI.  LXI.) 

Distinguishing  Characters. —  Sub-ovate  outline;  convex 
angular  pedicle  valve,  the  longitudinal  outline  of  which  i» 


Ficj.  146.  Centronella  impressa.  Dorsal,  ventral,  and  profile  views  of  a  full-grown 
KiK^cimen  of  ordinary  size  :  interior  of  a  brachial  valve,  showing  the  cardinal  process  and 
tne  strong  callosities  to  wliich  the  crura  are  attached. 

slightly  arched;  beak  truncated  by  the  foramen;  small 
brachial  valve,  flattened  or  sometimes  sharply  depresseil 
along    the   center,   with    the   front   produced    and  .  curved 
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dowmvard  to  fill  the  sinnoHity  in  the  front  of  the  pedicle 
valve;  fine  eoiicentric  surface  stride  and  almost  obsolete 
faint  radiating  striae. 

Found  in  the  upper  layers  of  the  Encrinal  limestone,  at 
Section  5,  in  Eighteen  Mile  Creek  (rather  common). 

Gi:xus  TRIGERIA.    Bayli:. 

(1875:   Explic.  Carte  Geol.  de  France,  Atlas.  PI.  XIII.     1898:  Pal.  N.  Y., 

Vol.  VIII.,  Pt.  II.,  p.  272.) 

'*  Plicated  centronellids  with  plano-convex  valves.  In  the 
hrachial  valve  the  hinge  plate  is  tripartite,  the  median 
division  being  perforated  by  a  visceral  foramen.  Brachidium 
as  in  Centronella,  though  with  a  smaller  anterior  plate.'' 
(  Hall  and  Clarke.    Hand-book  Brach.,  Pt.  H.,  p.  108.) 

Timgi:hia  (?)  LEPiDA.  Hall.  (Fig.  146A.)  (Pal.  N.  Y., 
Vol.  IV.,  p.  270,  PI.  XLV.) 

Distinguishing  Characters.— UnmW  size;  sub-etpially  con- 
vex valves;  much  elevated  beak  of  pedicle  valve;  elongate 


Via.  }4()\.  Trigeria  lepida.  Ventral  view  of  a  specimen,  natural  size.  Dorsal,  ven- 
tral, and  profile  views  of  a  specimen,  enlarj^ed,  x  2.  Dorsal  view  of  an  individual  with 
mmsually  stronjfly  marked  sinus  (from  Hall). 

oval  o])ening,  communicating  with  foramen  above,  and 
Hanked  l)elow  by  two  convex  deltidial  plates;  simple  regular 
suifnce  plications,  gradually  enlarging  towards  the  margins 
of  the  valves;  shallow  sinus  on  brachial  valve,  formed  by 
dci)ression  of  two  or  three  centi*al  i)lications. 

Gkxls  CRYPTONELLA.    Hall. 

[Ety.  :    Signifying  a  small  cavity.] 

(18(51:   14tli  Annual  Ilep't,  N.  Y.  State  Cab.  Nat.  Hist.,  p.  102.     1893:   Pal. 

N.  Y.,  Vol.  VIII..  Pt.  IL,  p.  286.) 

Shell  tei-ebratuloid,  with  the  valves  of  somewhat  similar 
convexity.    Beak  of  pedicle  valve  eiect  or  slightly  incurved 
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mill  proniiiu-nt:  foniinen  liiiiiteil  below Lywell-develojied  tlel- 
tidinl  plates.  Bnn-hiiliiim  coiiKwtinfr  of  n  loop  bwit  back 
upon  itself,  the  juncture  of  the  hrniu-lies  oceiiiTiiig  a  little 
below  the  plane  of  tlieir  ovigin. 

CnypTosELLA  PLAX1ROSTKI8.  Hdll.  ( Fifr.  147.1  (Pal. 
N.  Y.,  Vol.  IV..  p.  395.  Pi.  LXI. ) 

Distinffai'shiiig  Cli/irai-tcrK.—  Cjivnt  cuiivt-xity  of  vnlvt-s : 
larp?  size  of  arliilt ;  often  trnm-iite  fr'ont  ami  eonseijiii'nt  sub- 


uwrkeil  indlTiiliml :  tMilorgi 


ainlnrofllPvlew»uf«t«rKe.strolMily- 

il  of  beak  oT  pallulp  vHlre  1  duruil.  rentml,  uiil  iironlF  vl«W8 
tiarked  indlti&im]  i.Fn>m  HslU. 


jientafioinil  outline  of  vnives;  Hntruliir  uraboiuil  iiinrp;iiis  oE 
pedicle  valve,  witli  Hii  1"  oi'  ci^nca  ve  fnces  on  eithei-  side  of  tlie 
deltidial  plates. 

Fonnd  in  the  EncE-iual  limestone,  tit  Section  .">  (coniraonl. 
Doubtful  speciitieue  have  been  found  in  the  shale  lietween  the 
EncrinnI  and  Pleurodielyuni  beds. 

Crvptonkm.a    RKCTiitosTKiJ-.     Hall.     ( Fig.  1-tS.)     {Pal. 
N.  Y..  Vol.  IV..  p.  39i,  PI.  LXI.) 
Distinguinliiiig  Cliarai'ters.—  ['tinaWy  Hnmll  size;  8ul)-rhoni- 
boidal  outline;  frequfutly  trun- 
cated fi'ont:    erect  beak,  with 
inflected  ciirdinal  margins. 
Foinifi  in  the  Plenrodictyum 
-  beds,  in  Averv'»  Ci-eek.  and  on 
1  lie  Lake  Hliiife  ( common ). 


<i'^^ 
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Genus  DIELASMA.    King. 

[Ety.  :     />i,  two  ;  elasma,  lamella.] 

(IS.jO  :    Pioc.  Dublin  Univ.  Bot.  Zool.  Assoc,  Vol.  I.,  p.  260.     1893:   Pal 

N.  Y..  Vol.  VIII. ,  p.  293.) 

Terebratuloid  shells,  with  frequently  a  median  sinus  in 
l)oth  valves.  A  large  foramen  and  deltidial  plates  are  pres- 
ent, though  these  latter  may  be  obscured  by  the  incurvature 
of  the  beak.  A  large  hinge  plate,  raised  but  little  above  the 
bottom  of  the  valve,  and  sometimes  actually  adhering  to  it, 
and  a  relatively  short  brachidium,  with  a  rather  short 
recurvature  of  the  ascending  lamella?,  are  characteristic 
internal  features. 

The  sub-genus  Cran^ena  (Hall),  was  erected  to  receive  such 
forms  as  Terebratula  romingeri  (Hall),  in  which  the  brachi- 
dium is  that  of  a  Dielasma,  but  the  hinge  plate  resembles 
that  of  Cryptonella. 

DiKLAsMA  (Cran\4Cna)  h()MIN(;eri.  Hall.  (Fig.  149.) 
(  Pal.  N.  Y.,  Vol.  IV.,  p.  389,  PI.  LX.) 

D is tingu is h in g  Cluinicters. — 
Small  size;  ovate  outline;  trun- 
cated or  slightly  sinuate  front; 
rounded  cardinal  slor>es;  concentric 

1     1   •  ^^'   ^^^*      Dielaama  romingeri. 

Strue,  which  are  often  crowded  mtO    Dorsal,  ventral,  and   profile  views 
'  (from  Hall). 

wrinkles  near  the  front. 

Found  in  the  Pleurodictvum  beds  and  the  Calcareous  bed 
above,  on  the  Lake  Shore,  and  in  Averv's  Ravine. 

Gexcs  TROPIDOLEPTl'S.    Hali>. 

[Ety.:    Tropis,  keel;  leptos,  slender.] 

(1857:    lOUi  Ann.  Hep't  N.  Y.  State  Cab.  Nat.  Hist.,  p.  151.     1898:   Pal. 

N.  Y.,  Vol.  VIII..  Pt.  II.,  p.  302.) 

Shell  concavo  or  plano-convex,  with  the  hinge  line  much 
extended  and  straight,  the  whole  aspect  of  the  shell  being 
'*  Strophomenoid  ■ '  (compare  Stropheodonta).  In  young 
shells  the  hinge  hue  equals  or  exceeds  in  length  the  greatest 
width  of  the  shell,  but  in  mature  shells  it  is  shorter.    Pedicle 


23S 

vftlve  rrmvex,  with  i»  moderali*lr  Ii^rh  arva,  ilivideal  Uy  nn 
ojien  (lelthvriiim.  The  treth  aritie  from  the  bottom  of  the 
valve  B»  two  tfrtL't  divergwit  crvsta.  Bnu-bial  vulvae  nli^htlv 
<T>nrave,  or  nearW  tiat. ^vith  a  low  ntva.  a  prominent  roDve^s 
rbiUdiDm.  tiii'l  a  l.it^  eanlinai  procpsi^  btlolj*^  at  the  Huni- 
mit.  The  hrachidiiiiu  consb*tH  o(  two  slender  tk«eemling 
lamella",  which  nuite  iietir  the  middle  of  the  valve  with  » 
Hhnrp.  thiu  nialiaii  iteptuni,  wliioh.  towtinls  the  In^ik.  {ia»«s 
into  a  low  me<)iun  ridge.     Surfa<-e  of  both  valvei*  plit-ateil. 

TKoi'inoLEPTi'si-AHiXATis.  ( CuDfad. (  iFlg.  loO.)  [Vol. 
X.  Y.,  Vol.  IT.,  p.  407.  PI.  LXII.J 

Oisrhigaiafiiiig  Clmrncteiv. — Strophoraenoid  oiittint*: 
lirood.  Mimple.  rounded  plieatioiiK.  wi<ier  than  the  iiiter- 
itpaces:  broadly  »iib-carinate  (.-emerof  palicle  valve,  i-aiit»e<1 
by  the  jrreater  width  and  prominence  of  the  centrid  pli<^'a- 
tion;  longitudinnlly  airiated.  eonvex  ehilidhim  of  brnehial 
vnlvp;  fine  undnlating  i-oiicentric  sui-face  strire,  ami  ocea- 
Honal  L'onrser  imhrii-titing  laniellie. 


no.  ISO.   TVnjp 


ifrlk'te  ami  lirachTai''"al' 


Found  in  the  Encnnal  limef^tone,  at  Section  5  (eoiuninn); 
four  feet  1>p1ou-  the  EncrinnI  limestone,  nt  Section  6  (one 
Mpccinifii  I :  si^venti-en  to  twentv-one  feet  lielow  the  Encnnal 
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limestone,  at  Section  7;  between  the  Trilobite  beds  and  the 
Strophalosia  bed,  in  Avery's  Creek,  and  on  the  Lake  Shore 
(not  uncommon). 

NoTi:. —  This  s[>ecie8  is,  at  Eighteen  Mile  Creek,  ahnost 
entirely  confined  to  the  Encrinal  limestone;  but  at  Morse 
Creek,  near  Athol  Springs,  it  is  common  in  the  shales  below 
the  limestone. 


-  tt*t 


Class  Pelecypoda.    Goldfiss. 

{himellibranchiata.     Bluin  ville. ) 

The  Pelecypoda  or  Lamellibranchiata  are  marine  or  fresh-water  inol- 
luses,  with  a  bivalve  shell.  The  valves  are  complementary,  and  are  in 
the  majority  of  species  of  nearly  similar  outline  and  size.  In  each  valve 
may  be  distinguished  an  initial  point,  or  beak,  around  which  the  con- 
centric lines  of  growth  mark  the  successive  additions  of  shelly  matter. 

The  orientation  of  most  shells  is  effected  by  holding  them  with  the  hinge 
line  uppermost  and  the  beaks  pointing  away  from  tlie  observer.  Thus 
l)laced,  the  upper  border  is  the  dorsal  and  the  lower  the  ventral  border. 
The  end  farthest  away  from  the  observer  is  the  anterior  end ;  that  nearest, 
the  i)osterior  end.  The  valves  are  designated  as  the  right  and  left  valves, 
nspcctively.  The  articulation  of  the  valves  is  commonly  effected  by  the 
interlocking  of  teeth  which  are  borne  on  the  hinge  or  cardinal  margin  of 
the  valves.     They  are   very  ^ 

various,  but  they  can  usually 
])e  divided  into  the  short, 
stout  "cardinal  teeth,"  which 
are  situated  under  or  near 
the  beak,  and  the  ridge-like 
lateral  teeth.  Tlie  opening 
of  the  valves  is  brought 
about  by  an  elastic  ligament 
stretched  across  the  hinge 
from  valve  to  valve,  behind 
the  beak,  which  acts  when- 
ever  the  tension   of   the  nd-  Fio.  151.    Diain-aminatic  view  of  left  valve  of 

,,  ,       ,  Cytherea;  (o.  a.)  anterior  adductor  acar;  (d.  a.) 

(hfctor    muscles,    which    close    posterior  adductor  scar;  (p.  i.)palllalline;  (p. «.) 

the  valves,  is  relaxed.  In  SSllS'(X"r Lai,y. J^pH)''  ^*'  '***'"  '""*•' 
many  forms,  an  elastic,  com- 
pressible cartilage,  lodged  in  special  grooves  or  pits,  takes  the  place 
of  the  external  ligament.  The  scars  marking  the  attachment  of  the 
adductor  or  closing  muscle,  or  muscles,  vary  greatly,  and  are  fre- 
(juently  preserved  in  the  fossil  forms.  When  two  are  present  they 
are  designated,  respectively,  as  the  anterior  and  posterior  adductor 
scars.  The  line  of  attachment  of  the  fleshy  mantle  which  builds  the 
shells,  i.  e.,  the  pallial  line,  is  often  visible;     Near  the  posterior  end  it 


m.  a. 


'  :»  V  !l*^y  f.ji*.  ..i*r  I:l:lx  ^:kci.  txIt-.  k=»i  V:^>frig  ii:  the  ^Airm^A^ 
»;•:.  '.ii^  tiVrri.'r.T  pl*/:^;  v^-  ri.  »rri  :1/t  iit:rr>>Ttatril/wir .-  tkefMCb  or 
-"■!  v^*^>  iriif.i  <:rc.-e<  'A  o.<i.:  I>.:k:r*i  l»r:L*lJ*  isiszias  c«  cithn*  nde  of 
•:^  fc"->i -ffLfrL  Li  :i/t  a[Ai.:>:  oat::;.-.  \zj\  -'ik  n_£^«#  —  pRseat  oolr  in 
'.^r.>J.i.  i  TULit  —  ^•■<^ri:*'!T  f'l4c**i  Itr^i:  CTij-ttll-r  ^-f  emt  extcnsioii.  and 
•^rv;x.^.  :j>r  r-fj*:  f  .r  ".ijfc  tz.'rkZA>:  •:*  :i*e  "wa>r  aL&i  food  putklfSi.  and  the 

N'/rt.  — T:-r  Lirr-LrT'.-**^  :ei:-*»  ki  iifi  *.»-.«.-r»M»nr  roidcs  in  sooiosj 
"«:^  5  *n.>L  n:;<.r^  -ir'^f-^i  :i.f  rc-i::,-  •.::  •.i.r  AZjau^nr  of  the  animal. 
wi-ki*  ^j:i','^;^:  rj*:  \*:r.t'^i  •  j  ';i-«r<:ii:j  a  cLah:,  musseL  or  ether  biTalve. 
Z:::*r*  •  T*ri:-Vxk  of  P*'**  i.:«:Ivjt  EASTr.in's  ;nttsiatioo>  ciL«tains^  the 
•*-••:  '.  .-^^;.•rTt»*^r-^:v«:  a/x\'iL:  cf  tLr  ^.•w^:l  ^t-DenL  The  etneric  and 
•;-^  ir.f.  •i*--/.r:j/::*.L.  vf  '.L*:  f'-m.^  L«:rv  L-.tfri.  ieat  ^nMEt  all  be  found  in 
V'''.  V  .  1^   I  .  f  f  ::;*:  FaI:*-'iL>,'I  ZY  .  f  Nrw  Yv-rk.  TO  which  reference  is 


Okn  I  s  A  VICIL*  »PEi  TEX.    Mt<\  .v. 

'Elv.  .     Fr'  rii  iLt  GtLfrrn  .!•-*''-•  •?  ue«!  /*«<t*A.' 
>51 ;     A-M-ai-j  iir.i  Mnjazifi*-  "f  N:r..  WW..  '2*\  Srr..  VmI.  VII.,  \K  171.) 

Shell  with  the  valves  un^^jiuil.  the  rijrht  valve  usually 
^rnalU-r  aii<l  flatter  than  the  left  valve,  and  haA-ing  au  an- 
terior "hys.sal  rioteli/'  The  hinjre  line  is  straight  and  con- 
tinued forward  into  the  enr,  and  backward  onto  the  wing:^ 
triangular,  wellnlefined  and  somewhat  flattened  portions  on 
either  Hid*'  of  the  Ix^ak.  The  cartilage  lies  in  several  shallow 
furrows,  parallel  to  the  hinge  margin.  The  hinge  line  is 
shrirter  than  tin-  greatest  antero-posterior diameter (lengrth), 
and  the  sui-face  is  ornanjente<l  with  ravs. 

Avici  Loj'K4TKN  pklnxeps.  (Conrad.)  (Fig.  152.)  (Pal. 
X.  v..  Vol.  v..  Ft.  I.,  Pis.  I.,  v.,  VI.,  XXIV..  LXXI.) 

Distiii^nisliiii^  ('hurnrtois. —  Large  size,  obliquely  broad- 
ovate  outline  with  axis  inclineil  moi-e  than  sixty  degrees  to 
tli<*  hingi'line;  nearly  ecpial  length  and  height;  straight 
l»OHterir>r  slope  from  the  beak  to  th<»  middle  of  the  posterior 
<'nd :  lar^*'  '^ar  and  wing;  regular  altf*rnating  rays,  crossed 
by  \\ui\  sharp  ;rrowtli-lines. 


Flo.  1B2.     ,lt'/eii(r);jee(''ri  iniuvim.     A  iKT^tB  left  valie,  [iiutli  ^ii^mlcil  iBJiiWrlcifly 

Found  in  the  Kjiciiiinl  liniestdne,  at  Section  5  (mi-e);  iii 
t]ic  fihnk'  liown  to  nmi  in  tlie  Trilnliite  IjedM,  nt  Sections  it,  7, 
H,  iind  on  the  Lake  Slioiv  I  ranO ;  hIho  in  tlic  shnle  below  the 
Tiilobite  befls,  in  Aver.v'KCitrk. 

AviCLi.oi'KCTEX  KXAcrn  s.  Iltdl.  |  Fijj,.  ir>;j.)  (I'nl.N.Y.. 
Vol.  v.,  Pt.  I..  |p.  8,  PI.  III.) 

IHstingiiishwg  Chiir/n'rerti.—  haak  more  ncute  tlinii  in  the 
pii'cedinfiHiieoies;  pro|iortioiiiilly  larfjer  winj^ ;  concave  ]iob- 
tt'Hoi'  mnrgin  ;  shiir[)  nltcnmtiiiK  fayn,  witli  linjinl  ccnnnvu 
iiiters|mceH,  extending  into  the  etir  nnd  win^r. 
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fre(iiiently  makes  a  reOntrunt  curve  —  the  jhillifil  sinus — indicating  that 
tlie  animal  had  a  retractile  siphon.  The  various  parts  described  are 
indicated  in  figure  151. 

The  principal  soft  parts  of  the  animal  comprise:  tlie  mantle,  consisting 
of  two  fleshy  folds,  one  lining  each  valve,  and  building  it;  the  abdomen, 
with  the  anteriorly  placed  month,  and  the  anterio-ventral/aa</  thegiUs  or 
hrauchiip,  w  hich  consist  of  complicated  lamellie  hanging  on  either  side  of 
the  abdomen  in  the  mantle  cavity;  and  the  siphons  —  present  only  in 
certain  forms  —  posteriorly  placed,  often  capable  of  great  extension,  and 
serving,  the  one  for  the  entrance  of  the  water  and  food  particles,  and  the 
other  for  the  exit  of  the  water  and  w^aste  products. 

XoTK. — The  numerous  text-books  and  laboratory  guides  in  zoology 
will  furnish  more  detailed  information  on  the  anatomy  of  the  animal, 
which  should  be  verified  by  dissecting  a  clam,  mussel,  or  other  bivalve. 
Zittcl's  Text-book  of  Palaeontology  (Eastman *8  translation)  contains  the 
best  comprehensive  acctount  of  the  fossil  genera.  The  generic  and 
specific  description,  of  the  forms  here  noted,  may  almost  all  be  found  in 
Vol.  v..  Pt.  1.,  of  the  Paheontology  of  New  York,  to  which  reference  is 
made  in  tlie  text. 


G  i:  N I  s  A  VICI:I.0PE(:TP:N.    McCoy. 

[Ety.  :     From  the  Genera  Arirnla  and  Peeten.'] 
(1W.-)1:     Annals  and  ^lagazim;  of  Nat.  Hist.,  2d  Ser.,  Vol.  VII.,  p.  171.) 

Sliell  with  the  vnlves  uiKMjtial,  the  right  valve  usually 
smaller  and  Hatter  than  the  left  valve,  and  having  an  an- 
terior "Mjyssal  notch."  The  hinge  line  is  straight  and  con- 
tinued forward  into  the  e^ir,  and  backward  onto  the  \vingy 
triangular,  well-defined  and  somewhat  flattened  portions  on 
either  side  of  the  beak.  The  cartilage  lies  in  several  shallow 
furrows,  parallel  to  the  hinge  margin.  The  hinge  line  is 
shorter  than  the  greatest  antero-posterior  diameter  (length), 
and  the  surface  is  ornamented  with  ravs. 

Avi(ML()PKC'Ti:\  rHiNCEPs.  (Conrad.)  (Fig.  152.)  (Pal. 
N.  Y.,  Vol.  v.,  Pt.  I..  Pis.  I.,  v.,  YL,  XXIY.,  LXXI.) 

Distinguishing  Ch^imrtoi's. —  Large  size,  obliquely  broad- 
r)vate  outline  with  axis  inclined  more  than  sixty  degrees  to 
the  hinge  line;  nearly  equal  length  and  height;  straight 
])Osterior  slope  from  the  beak  to  the  middle  of  the  posterior 
end;  large  ear  and  wing;  regular  alternating  rays,  crossed 
by  fine,  sharp  growth-lines. 


i  larite  left  tklve,  muvli  e 


Foiimi  in  the  Kncriiial  limeBtoiie,  at  Section  5  (rai-e);  in 
the  shale  down  to  mid  in  tlie  Trilobite  hetlH,  at  Sections  fi,  7, 
8,  iintl  on  tlu'  I^ake  Sliiire  ( rai-e) ;  also  in  tlie  shale  below  the 
Trilobite  beds,  in  Avery's  Ci-efk. 

Avici;i.OPK(!TK-\'  EXAciTiB.  Hfill.  ( Fig.  I.j3. )  (  Pill.  N.  y.. 
Vol.  v.,  Pt.  I.,i>.  S.  n.III.) 

IHstingiiishing  Clitiriirtcrs. —  licak  more  acute  than  in  the 
preceilinf;  8])ecie8:  proportinniillv-  Iiu-f^r  wing;  concave  iiob- 
terior  margin;  sharj)  alternating;  rays,  with  broad  concave 
iuteffipaceB,  extendinfj  into  the  eiir  and  win^. 


m 


rut.  13S.  AviruioiKclen  rjiu'nln-.  RlKlK  aoil  Ml  niivwi.  from  HnliibiirB,  Eric 
K.  v.;  the  l\gurr  i.f  ihe  lofl  vhIvb  Jwh  not  show  Um  (.■"niTnlrk'  Idiiiflltt'.  aii.l  'lie  \Ki 
Tvi>mmttd  u  Iflo  nciilp  (frotn  Hnlh. 


Found  ill  the  Htk-topora  niul  Dcniissa  beds,  at  Section  H 
(rare) ;  in  the  shale  nine  to  nevent^wn  feet  below  the  Encrinal 
limestone,  nt  Section  7  (rure);  and  at  "Hamburg,  Erie 
County,  N.  Y."    (Hull.) 

AvioULOPECTUX  iNSitiXis.  Hall.  (Fig.  ITii.)  (Pol.  N.  v., 
Yol.  v.,  Pt.  I.,  p.  3-t,  Pis.  I.,  III.,  LXXXI.) 

Vistinmmiiing    Cliaracterf. — Sinnll    Hize:    modeiat*-    ob- 


bura,  Erie  Co.,  N.  V..  Ihe  Bpeeilui?! 


liquity ;  hinge  nearly  eijiial  to  the  length  of  the  slioll :  i 
central  beak  ;  strong  radiating  costjp. 

Found  at  "Hamburg,  Erie  County,  N.  Y."    (Hall. } 


Gi:Nt«  LYRIOPECTEN.    H.\i.i,. 

[Etv.  ;     Lyrinn.  lyre  —  PecWn,] 
(1884:     Pal.  N.  Y,,  Vol,  V.,  Pt,  I.,  \\  xii.) 

Shell  like  Avicnloi}ecteii,  but  diffei-ing  fi'ora  that  genus  in 
its  short  hiuge  line  and  very  small  anterior  ear. 

LviilOPECTEN   aHBICri,ATL'8, 

Hall.  (Fig.  155.)  (Pal.  N.  Y.. 
\o\.  v.,  V%.  I.,  p.  42,  PIb.  IV.. 
LXXXH.) 

Distinguishing  Characters.  — 
Large  size;  orbicular  outline; 
convex  left  valve;  concave,  flat, 
or  slightly  convex  right  valve; 
i]umerouB  strong,  rounded  radii 
crossed  by  concentric  sharji  lines, 
flnd  separated  by  broader  con- 
cave spaces. 


The  lype  spwLnien 
lUontone.  OD  Ihpat 
N.  Y.  (from  Hull). 


Fnmul  in  the  "tsliale  ami  Eiioi'inul  liiii' 
Erie  Shore,  Eifjliteen  Mile  Creek,  Erie  Coin 


tToiic,  nluiiK  I-nkd 
y.N.  v.-    (Hall,) 


Ge.\i-8  PTERINOPECTEN.    Hall. 

[Etv.  ;     From  PterEnen  and  Pecleu.] 
(1884:  Pal.  N.  Y.,  Vol.  V..  Pc,  I,,  p.  xii.) 

'■Hinf;:e  line  long;  ears  not  well  defined,  being  simple  ex- 
pnnBitjns  or  extensions  of  the  upfter  lateral  margins  to  tlu' 
hinge  line.    Test  onianiented  with  rays." 

PTEIUNOI'KCTKN  rnNBPEfTlH.  Hall.  (Fig.  156.)  (I'ul. 
N.  Y.,  Vol.  v.,  Pt.  I.,  p.  66,  PL  XVII.) 

DistiBgimhing  Characters.  —  Length  and  height  nearly 
equal;  regularly  rounded  base;  shiii-p  constricted  anterior 
ear;  gently  conenve  jjOriterior  margin 
of  wing,  with  almost  rectangular  ex- 
tremity ;  alternating  radii  i  >f  left 
valve,  and  sub-equal  ladii  of  right 
valve. 

Found  in  the  lower  Mostinw  shale, 
at  Section  4  (rare) ;  in  the  shnles  of  Fm.  i 
the  Demissa  lied  and  down  to  seven-  ifromHaiii. 
teen  feet  below  the  Encrinai  limestone,  at  Sections  (t  and  7; 
also  in  the  upjier  Pleurodictyuni  bed,  and  the  shale  below 
the  NautiluH  bed.  in  Averv's  Ravine. 

Pteiu.vopecten  ueumes.  Hull.  (Fig.  157.)  )  Pal.  N.  Y., 
Vol.  v.,  Pt.l.,  p.  64-,  PI.  XVII.) 

DiHtiiiguishiiigClmvacteis. —  Longer  than  high:  hinge  line 
extended,  forming  acute  angle  with  posterior  nloiif;  regtdar 
rounded  surface  striiv,  with  wiJer  interspaces. 

Fill.  1S7.    J'(iTl,i'i(n-'tfji  htrma.    Two  erWrinr  vliwa  and  one  Interior  »lnw  of  lett 


mHirolUilHUerivBlvr 
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Fduinl  foiii'  iw-X  lit'Iow  tile  base  uf  the  Tri](iliitf  bedi*.  in 
Avery's  Creek  (riire);  and  veryiarelyin 
the  shale  between  the  Nmitihis  and 
Strophalosia  bedB. 

Pt  KRIXOPEfTEN    USI)O.Sl>i.        Hall, 

(Fig.  158.)    (Pal.  N.  Y.,  Vol.  V.,  Pt.  1., 
|..  72,  Pl«.  JI.,  LXXXII.) 

Histiii^tsisliiii^-  ('/i.irj(f'fer.s.— Length 
ufcattT  tliJiii  hi:'iy;lit;  short  liinge  line; 
etniL-ave  n]urfi;in8  ol'  earn  and  wiug; 
slinrp,  crennlated  striee;  eonoeutrit- un- 
dulations;  deep  bvsfiiit  noteli  of  rijrlit 


wrvlng  Iwtli  ir«lmi.  bihI  Ktiuw- 
Ins  >trtinit  iiii'liilBdoni  (fruiii 


Found  ('.')  in  the  DeniiHsn  bed  (rure). 


Gems  PTEIUNKA.    (JoLnKtiiH. 

[Etv.  ;    Pteron,  n  wing.] 
ilS3B:  I>eterfiict.  Germ.) 

\'idveM  nne(|nal,  left  valve  inoet  convex.  The  shell  is  very 
obliiiue,  the  wing  large,  iiiid  the  ear  snmll.  Tntj  or  more 
cardinal  teeth  and  liiienr  nblii|ue  lateral  teeth  occur.  The 
hinge  line  in  stniight,  and  has  a  linear  Hattened  nmrginn) 
cnrtilage  facet,  which  is  longitudinally  striated.  The  sur- 
face of  the  shell  is  nrnaniented  h\  raVH. 

P  T  E  It  1  .V  E  A     i-  L  A  B  E  L  I.  A  . 

(Courad.l  (Fig.  159.1  (Ptal. 
N.  Y..  Vol.  v.,  Pt.  I.,  p.  93, 
PU.  XIV.,  XV..  LXXXIIl.) 

Diftingaisbing  Chariteters. 
—  Large  siie;  convex  leXt 
valve  and  fiat  or  nmcav? 
right  vnhe;  large,  H-«ll-de- 
line«].  triangular  wing,  wttb 
concave  margin:  buhII, 
rouDiled.  wHl-4lefineil  rar; 
strong,  rounded,    distant 
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ra.vs,  with  siaailer  intermediate  ones  on  the  left  valve:  i 
[■eiitric  Ktrife;  and  a  few  obaolete  rays  on  the  right  valve, 

Found  in  tlie  Ktictopora  and  DeniiBun  lieds  (rather  com- 
mon); in  the  nhjile,  down  tu  twelve  feet  below  the  En- 
urinal  limestone,  at  Sections  6  and  7  (rare);  in  the  shale 
below  the  Nautilus  l)ed,  in  Avery's  Creek  (rare);  ami  at 
"Hnnilnirji  and  elsewhere  on  Lake  Erie  Shore."     (  Hall,) 

Geni-s  ACTIXOPTERIA.    Hai.u. 

[Ety.  :     Aktin.  n  rny  ;  pteron.,  wing,  ] 

(1884  :  PhI.  N.  Y..  Vol,  V..  Pt.  I,,  p.  xiL) 

"Characterized  from  Pterinea  in  the  absence  of  a  broad, 

Ntriated  Uganiental  area,  and  Btroufj;  cardinal  and  lateral 

teeth,    Ri^ht  valve  suli-convex;  wirfare  with  fine  rays." 


lowInK  llm  Mnmul)-  .Wu-aai'^  rndll; 


fj.jTrt'  —j-^'-T^^ — ^^zzT-Tse— nmnn —    .i"^— 
f:j—     -  lit;    -«i*u.  =st  .-=neM    -r     nm^tEs-. 
-.1...        r_    -r^uu-r    'ifc^   -*    i^w.  TTui— — 


,.-1,1, ...r-r-:!    :i   oi-Tn.   v:tti  .fc   ana- iwriuc 

-..M  ,i,.\  n:incr-i  iv  -int.  R^itifet.  lomp- 
■-.1  -I— r|]  i(i<-  n-  ~vr).  nnhiiK'.  -ttvoKler. 
;n--  ^il.'  -(KiifrnviT*!  "niTn  "tie  utten«>r-"ini 

I-    '.ir,J)iM-:tirm. 


LEIDPTKitlA    HAFlN-KStiL'll.     Hall.     {Ft^.  lUii.)    ( I'ul.  N.  Y., 


€K 


Vnl.  v.,  Vt.  I.,  |».  1(11,  Pis.  XV.,  XX., 
LXXXVIII.l 

Di.itingiiishing  Characters. —  Oblknie, 
narrowly  ovate  bodVj  with  lieightequal 
to  or  greater  than  the  length;  flat 
wiiifi;,  with  coiiciive  mai'gin  and  attite 
exti-einity ;  short,  obtuBe,  convex  ear. 

Found  in  the  Deinissa  l>e<I  (very 
rare  I. 


LKim-TiiKU  L-oNiuit!.  Hull.  {V\ix.  KJL'.V.)  ( I'al.  N.  Y., 
Vol.  v.,  Pt.  I.,  p.  159,  PIh.  XX.,  Lxxxvm.) 

Dintinguiahirsg  Characters. — Stifing  oltli(|iiity;  hinj^  line 
longer  than  length  of  vaive.  greatly  extended  posteriorly; 


iwintc  vnrlnIlonRifmni 


onsifmi 


.    Two  \vtl  mlVM  uid  K  right  vi 


acnte  e.\treinity,  and  concavf  posterior  margin  of  wing; 
small  ear  separated  from  shell  by  ronnd''d  wuli-ns:  iiTegnlar. 
often  crowded,  concentric  atrite.  Rfudily  distingiiished  fnmi 
the  s|>eeie8  of  ActJnopteria  oecnrring  with  it,  by  the  fti)8ence 
of  rays. 

Fonnd  in  the  Hamilton  group,  at  WeHt  Hamburg,  Ei-ie 
Co.,  N.  Y.    (Coll.  Am.  Mus.  Nat.  Hist.  New  York.) 


Gems  PLETHOMYTIU'.S.    Hai.l. 

[Etv.  :    PMInr,  to  lip  full  ;  myliluf,  a  yenus.] 
(1884  :    PhI.  N.  Y.,  Vol.  V..  Pi.  I.,  p.  14.) 

Shell  with  eijunl  gibbouK  valves,  of  un  outline  renembling 
MytiliiH,  and  having  fi  finely  striateii  liganieiital  area,  which 
estends  aci'09»  the  stiorter  or  transverse  diameter  of  the 
valve.  Height  greatly  exceeding  the  length.  The  ]iosterinr 
side  is  slightly  winged.  Small,  oblique,  lateral  teeth  ai*e 
present,  but  no  cardinal  teeth  luive  lia'u  obsei'ved.  Test 
with  concentric  strije. 

Pi-ETHOMYTiLfs  OVIFORM18.  (Courud.)  (  Fig.  1G3.)  (Pal, 
N,  Y.,  Vol.  v.,  Ft.  I.,  p.  255,  Pis.  XXXI..  LXXXVIl.) 

Distitigiiishiiig  Vliaractevs. —  Large  size;  ovnte  outline; 
beakw  projecting  above  the  curdinal  line;    truncate  front. 


with  Bmall  fissure  for  the  passage  of  the  byssua;  wideliga- 
mental  area. 

Found  only  in  the  upper  part  of  the  Enciinal  linicstoue.at 
the  lower  end  of  Section  5  (common). 


■2iU 

Gexi-s  GOSSELETTIA.    Bakrols. 

[Etv.  :  Proper  name.] 
(1881 :   Aiiu.  Soc.  Geol.  (In  NonI,  Vol.  VIII..  p.  170,] 

Shell  fiiib-triaiigular,  truncate  on  the  anterior  side,  Kub-alnti* 
on  the  [losteiiiir  side.  Li^anieiital  area  wide. loriy^itudinjill^' 
Ktriate.  ("anliiin!  teetit  strong,  Hitiinted  under  tlie  l)t-«k. 
Lateral  teeth  elongatp.    Surface  marked  by  concentric  Ntriif. 

GoBSKLKTTiA  KKTirsA.  Hiill.  (Fig.  1(14.)  (Pal.  N.  v., 
Vol.  v.,  Pt.  I.,  p.  -JUG,  PI.  XXXIII.) 

Distiiigiiishinff  C'haructfrs, —  Oblique  rlioniboitlal  outline; 
" ant*'rior  margin  nenrly  strnight  for  two-thirds  of  the 
Iciifrth,  iiifinted  at  tlie  bynHul  oi>eiiiup:,  and  i'(Uiciive  below." 


Found  "in  the  Hamilton  group,  at  Eighteen  Milt-  (.'I'e^'k, 
Erie  County,  N.  Y."    (Hall.  tyiJe.) 


iiKSVH  MODIOMORPHA.    HAf.i.. 

[Etv  ,  Modinla,  n  genus  ;  mnrplit,  form,] 

(1870  :    Preliminary  Notice  Laracilibrundiiulii,  3.  p.  72.) 

Shells  with  e(|ual  but  very  inequilateral  vnlves,  which  are 
8ub-ovate  in  outline,  largent  posteriorly,  and  with  a  rounded, 
projecting  anterioi'  end.     A  depreHHlon.  or  "einutnre."  ]iii.smcn 
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ol>li<Iii**lT  from  tx'ak  Ti>  Imse.  and  the  i-iirface  is  luarkwl  by 
rtijrowf.  or  undulating,  tonceutric  line-.  The  hinge  bears  a 
mrong  tooth  in  the  left  valve,  which  fits  into  a  cavity  in  the 
rijiht  vnlve.  Tlie  ligament  is  external  and  is  attuched  to  the 
thickened  niarj^n  of  the  shell,  which  in  often  longitudinally 
(jT'M'ved  for  itw  reception. 

MomoMORi'HA  co.vfEXTRHL'A.  (Conrad.)  (Fig.lfio.)  (Pal. 
N.  v..  Vol.  v..  Pt.  1.,  i..27o.Pl8.XXXIV..XXXV..XXXVI.) 

Distiugiiinhing  Characters. — Ovate  outline;  straight  or 
MJightly  conwive  banal  ruaririn  ;  arcuate  to  straight  eardioal 


rllTldukl.  sbtnrtns  tha 


margin ;  rounded,  projecting,  well-defined,  anterior  end ; 
Ktroiig,  T-egiilar  concenlrio  Itm-s. 

i-'cmnd  in  the  nncriiml  limeBtone,  at  Section  .5  (eornraon); 
hi  llie  Bhiile,  at  twenty-five  feet  lielnw  the  Encrinal  and  be- 
low fIieTrilobitfil)edH,and  in  the  Plenrodictyum  l>ed8,on  the 
I<(ikeKhoro  (rare). 

MoMloMoiil'ilA  Hrn-AI,.VT.V.  (Conrait. )  (Fig.  166.)  (Pol. 
N.  Y..  Vol.  v..  Pt.  I..  1).  28:{.  Pis.  XXXV..  XXXIX.) 

Itiatiiiffiiinhitig  ('baractetv. —  ynlM|undrftngular  to  mib- 
ovale  outline;  stib-alate  posterio-dorsnl  |)ortion;  well- 
marlccd  umbonal  ridge,  pjinsing  from  beak  to  Itiiwe;  large, 
hut  ill-defined,  anterior  end ;  snb-truncate  po«terior  end. 

Found  ill  the  whaie  below  the  DeniisHa  lied  and  l>e!ow  the 

AlhyiiH  Ited  (rni"e);  alno  in  the  Modioinor{)ha  Nul>-nlata  bed, 

,  iu    Idlewuod    Itaviue,  and    on    the   Lake   Slioii-  (in  great 


fibundanc't');  in  the  Triloliite  TwiIh  and  the  shales  above,  iit 
Section  8.  and  on  the  Lake  Shoi-e  (common);  and  in  the 
Pleiirodictyum  l)eds  (rare). 

MoDioMiiitPHA  A1.TA.  ((ViDrRtl.)  ( Fij,'.  HIT.)  (Pal.  X.  Y.. 
Vol.  v.,  I't.I..  p.  278,  PIm.  XXXVIl..  LXXX.) 

Distiiif'-uishing  Charavters. —  Broad  rhomboid-oviite  out- 
line;   nirved   poeterioi-    margin ;     elevated     |ioslL>rio-dorwi.l 


I»orl  ion ;  produced,  rounded,  but  i!l-detined,  anterior  portion : 
iri-egnlar  Burtaee  atrifp. 

Fonnd  only  in  the  middle  I'lenrodictynni  bed,  in  Avery'n 
Bovine  (rare). 

(Jemjb  GONIOPHORA.    PHIl.l.ll•^*. 

[Etv,  :  Oania,  an  nngle ;  piuii'oi.  Iwurlng.] 

(1848:  Memolra  G(H)1.  Surv.  Gt.  Britain.  Vol.  H..  Pi.  I.,  p.  264.) 

Shells  with  equal,  bnt  very  ineqnilnt^rnl,  valves,  rhom- 

bfiidnl  or  ti-a[>e/oidal  in  outline,  oljliipiely  truncate  >ieliind, 


aixl  roiiittleij  in  front,  ('anliiml  line  usually  straight,  and 
iif)t  oblique.  I'mbonal  Hlo|»e  n  Btrong  angular  rid^e,  from 
the  beak  to  the  post-inferior  raai'tjiii.  A  Itroad,  undefined 
cincture  separates  uff  the  nntmor  portion.  A  strong  car- 
(Iniiil  tooth  in  the  leftvalve  fits  intu  a  depression  in  the  right 
valve.     Ligament  external. 

Go.MOPHORA    MomoMonpHoiDKM.      (Jrabau.      (Fig.    KW.) 
(1H98:  Rep't  X.  Y.  State  Geol.    1896:    Faun.  Ham.  Gr.. 
p.  254.) 
fUstingiiihliiiig  Char/irtfrs. —  Annate  cardinal    line;    pro- 
nounced arcuate  umbonalridge, 
with    the    surfat-e    above    the 
ridge  flat  or  slightly  cont-ave; 
small    antenor    end,    scai-ceiy 
extending    beyond    the    beaks ; 
numerous  strong,  r^^lar  lines 
of  growth. 
Found  in  the  Encriual  linie- 
Hltme,  at  Section  .">  ( whei-e  it  is  common ). 


(iESVS  CYPRICARDELLA.    HAr.i.. 

(En. :   DEmioutire  from  CyjjrieanUa.  Cj^prinn  mul  CHnliiim. 
(I3J«:  Trans.  Alban;  lust,.  Vi-I,  IV  > 

Shells  with  equal,  inequilateral  valves,  which  are  trafl 
vei-wely  sub-elliptical  or  snb-(|undrate  in  outline.  The  coi-- 
diniil  line  is  straight  or  ai-enate,  the  anterior  end  narrower! 
un<l  rounded,  and  the  posterior  end  broad  and  truncate.  A 
more  or  less  defined  umbonni  ridge  estemls  from  thermal! 
|)oiDte<)  beak  to  the  posterior  Itusal  angle.  Ligament  ex- 
UTual ;  cardinal  teeth,  one  in  each  valve. 

Cypbicardei.la  BKLi-isTBiATA.  |roiinid.l  (Fig.  lt>9.) 
(Pal.  N.  Y..  VoL  v..  I't.  L.  ]>.  :«t8.  I'ls.  XI. N.,  LXXIII., 
LXXIV.) 

/>w(/n^wA/D^  Oiarac'efs.— IVojecting  ronmled  anterior 
end.  with  a  distinct  depression,  or  linuiK  beUtw  the  l«ak: 


almost  vertically -truncate  ])i)steriui' 
eiiil;  well-ni arketl  anglilfii'  iiiiibi)- 
ntil  ridge;  strong,  even,  uniform, 
nugulnr  (.■oncentric  strifp. 

Fdund  ill  the  Encnnat  limeHtoiie, 
at  Swtiun  5  (very  riii'e);   niiiu  tu 
twelve    feet    Mow    the    Eiicriiial 
litiieatone,    lit  Section  7;    twenty- 
Kve  feet  below  the  Encriiifil  lime- 
Htone,  in  Idlewood  Kavino;  and  in     """■ 
the  Pleurodictyiim  l)eiln,  and   tlie  Bhales  juHt  above,  and 
down  to  and  in  tlie  Strophalosia  Iwid,  in  Avery 'h  Ci-eek,  an<l 
on  tlie  Luke  Shore. 


GENfB  NUCULA.    Lamai«k. 

[Et*.  :    Nveiita.  n  llitlc  mil.,] 
(1801 :    Sysl.  An.  Shiib.  Vtrl..  p.  87.) 

"Shell  small,  inequilateral,  trigonal  oi-  tninwverwly  ellip- 
tical or  8ub-eireiilar,  Anterior  or  posterior  extremity  sonie- 
timeH  produced,  nHually  ronnded.  Beaks  anterior  oi- 
jiosterior  to  the  middle  of  the  length,  often  Hub-eentral. 
Cardinal  line  areuate.  Escutcheon  marked.  Surface  niaiked 
by  concentric  striie,  which,  in  nonie  Hpecies,  are  regidar  and 
nigose.  Hinge  furnished  with  a  triangtdar.  Hpoon-shaix-d 
'■artilage-pit  beneath  the  lieaks,  with  a  series  of  small  trans- 
verse te«th  on  each  side.  There  are  two  principal  ninseidar 
JmpivssionH  on  each  valve,  with  usually  a  smaller  retractor 
Mi-ar  adjacent,  and  also  the  cavity  of  the  lieiiks  often  shows 
several  [nts  for  the  attachment  of  umbonal  muscles.  Pallial 
line  simple."    (Hall.  Pal.  N.  V.,  Vol.  V.,  Pt.  I.,  p.  sxvi.) 

NL(.ri.ACORBriJKoi{.Mis.  Hull.  (Fig.  H>'.tA.|  (Pal.  \.  Y.. 
VoL  v..  Pt.  I.,  p.  319,  PI.  XLVI. ) 

nkthgiiirthing  CAarac(ers.— Broadly  triangular,  sub- 
ovate  outline;  length  about  one-fourth  gi-eattr  than  height; 
longer,  more  pointed  posterior  end;  broad  and  slightly  in- 
nirved  iM'aks,  fi-oni  which  the  cai'dinal  line  dei-lines  in  both 
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directioiia;     not     iUh- 

tinctly  defined  iimbu- 

_gf^^^^^_  iiaUlope;  fiiieconcen- 

^tt^^^^^^^^       ^^'^*^  lineR.  nnd    irre^- 

■    ^^^^^^^^^^ 

Bturai       Found  ill  the  Hatii- 
"'        iltoii    group,   on    the 
Hhore  of  Lake  Erie.    (Coll.  Am.  Muh.  Nat.  HiNt.  New  York.) 

Gents  NITULITES.    (.\)Nrai>. 

[Ett.  :   Prom  NiieuUi,  a  geiitis;  mietila,  a  little  uiit.  ] 
{1841:     Geol.  Surv,  N,  Y,  Ann.  Htp't.  p.  40.) 

Hliells  with  equal  inequilateral  valves,  louf^er  tliaii  high ; 
with  the  anterior  end  rounded,  and  the  posterior  end  sonie- 
tinies  (jjjliqiieiy  trnueate  and  pointed.  The  beaks  art* 
Hiit^riof,  anil  the  cardinal  line  arcuate.  The  hinge  bears  a 
row  of  transverse  narrow  teeth,  which  extend  h-oni  the 
anterior  to  the  posterior  niuscular  scar.  The  ligament  is 
Mjttenml,  a  narrow  groove  serving  ae  its  iweptacle.  The 
tinU'rior  mUHciilar  scar  ie  separated  from  the  shell  bv  a 
vertical,  or  slightly  oblique,  partition  (clavicle).  Surface 
conw-'ntrriwilly  striate. 

Ni'»:t'i,iTKH  OHLONOATUH.  ("fmrad.  (Fig.  170.)  (Pal.N.Y., 
Vol.  v..  Pt.  I..i>.  824,  PI.  XLVII.) 

Wwr/H^u/Wi/H^  r/juraciens'.— Elongate  ovuteoutline,  wid*»t 
tit  llH-iintiTJorend;  rounded  unibonul  ridge:  utrong  vertical 
cliiviclc,  or  (ill  111''  internal  uiohl)  its  impression. 
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Found  four  feet  below  the  Encrinal  limeHtone,  at  Section 
i\  (rare),  also  in  the  Strophalosia  bed,  on  the  Lake  Shore. 

NuciLiTES  xvHSA.  Hall.  (Fig.  171.)  (Pal.  N.  Y.,  Vol.  V., 
Pt.  I.,  p.  328,  PI.  XLVII.) 

Distinguishing  Clmracters.—'BroadW  ovate  outline,  widest 
at  the  anterior  end;    oblique 
posterior  margin,  sub-truncate 
above    and    rounded    below; 

narrow   forward-curving  Clav-  Fio.  171.    NucuUtea  nysM.    Left   an<l 

*^  right  valves,  Eighteen  Mi\e  Creek  (from 

icular  ridge.  Haii). 

Found  in  the  Strophalosia  bed, on  theLakeShore;  ''in con- 
cretionary layers  in  the  shales  of  the  Hamilton  group,  on  the 
shore  of  Lake  Erie.''    (Hall,  tj'pe). 

NucuLrrES  TmQUETEU.  Conrad.  (Fig.  172.)  (Pal.  N.Y., 
Vol.  v.,  Pt.  L,  p.  32G,  Pis.  XLVn.,  XCHL) 

Distinguishing  Characters.— ^\\ovt  trigonal  outline;  ob- 
lifpiely  truncate  posterior  margin ;  arcuate  cardinal  margin ; 


^ 


Fio.  172.    Nuculites  triqueter.    A  right  valve ;  a  left  valve  ;  both  valves  ;  the  shell  is 
exfoliated,  showing  impression  of  clavicle  in  internal  naold  (from  Hall). 

sul)-angular, distinct  umbonal  ridge;  strong,  sharply-defined 
and  curved  clavicular  ridge. 

Found  in  Transition  shales  and  the  upper  Marcellus  shales, 
on  the  Lake  Shore  (rare). 

GExrs  SCHIZODUS.    King. 

[Ety.  :   Schizo,  split  ;  odous,  tooth.  ] 
(IHoO  :     Monograph  of  the  Permian  Fossils  of  England,  p.  185.) 

Shell  equiv(dve,  ine(piilateral,  with  the  posterior  side  the 
longest.  Anterior  outline  rounded,  posterior  tapering. 
Right  valve  with  two,  left  vnlve  with  three,  cardinal  teeth. 
Central  tooth  of  left  valve  more  or  less  bifid.  Pallial  line 
entire.  Surface  smooth  or  ornamented  with  fine  raised  con- 
centric lines. 


SrHlZuitriS  APl'RKs- 
His.  ((Vmrad.l  (Fig:. 
172A.)  (Pal.  N.  Y., 
Vol.  v.,  Vi.  !.,  p.  449, 
PI.  LXXV.) 

Hititinguishinfi  Char- 
acters.— Siib-i'hon]- 
boidal-ovnte  mitliue; 
leiitjth  greater  tlmii 
lieiyht;  short  oardiiml 
line;    oMiiiuely    trilii- 

ciite  posterior  exti-eniity;   Biib-unj^iiliir  unilnmnl  slo]>e:   tine 

eonctiitric  Btrijp. 

Foiiml   in  the  Hamilton   i^roup  of   Eifj;hteen   Mile  Creek. 

(Coll.  Am.  MiiK.  Nnt.  Hint.  .Vew  Voi-k, ) 


liKNi-B  PAL.4-:().\KIL0.    Hall. 

[Ety.  :   Pntiiiii*.  andenl.;  unto,  a  genua,] 
(1870:   Preliminary  Notice  Lftmcllibnindilutii.  2,  p.  fl.) 

Niieiila-iike  flhellw,  with  equal,  iiiequibiteml  valves,  trans- 
versely  ovate  or  siib-elliptieal  in  outline;  the  postenor  end 
fxtentled,  with  a  more  or  k'ss  well-defineil  sulcus  along  the 
uinboiial  slope.  The  cardinal  line  is  areaate,  nnd  the  hinge 
furnished  with  a  row  of  regidar,  small,  ti-nnsvei-se  teeth, 
which  change  their  direction  under  the  beak,  or  iire  inter- 
rupted by  several  oblique  teeth.  Ligament  external.  lodp;ed 
in  a  nunow  and  shallow  groove. 

pAL.4;o.\icn-i)  OJXBTHiCTA.  (Courail.)  (Fifr.  173,)  (Pal. 
N.  Y..  Vol.  v..  Ft.  I.,  p.  3:Jct.  Pis.  XLVIII.,  LL) 

Distinguinlihif^  CAar«f(ers.— Consti-ieted  and  projecting 
jiostfj'ioi'  end;    ovate-cuneate  outline;    nbniptly    declining 

o  ^»  ^ 

Fl«.  ITS,    Pal4tonril.i  fon.(./r(..,    Twn  right  vali-™  ritiJ  one  ieft  rHlve.eliowfn*  rmri*- 


anterior  portion  of  (.■ardiiial  mai 
thread-like  Htnee,  which  become 
on  the  posti-cardinal  slope. 

Found  ill  the  DetiiiHsa  l>e(l,  at 
shale  below  at  three  feet  and 
Encrina!  limestone,  at  Si^ttoii 
above  the  I'leurodictyum  beds, 

PaL-EOSKILO    TKNUI8THIATA. 

N.  Y„  Vol.  v.,  Pt.  I.,  p.  -Am,  PIh. 

Dintinguisbing  Characters 

doubly-truncate  posterior  end; 


rgin;  fine,  re>i;uhirand  even, 
obsolete  in  the  furrow  and 

Section  5  (rare) ;  and  in  the 
tweuty-one  feet  Ix'low  tlie 
7  (rare);  also  in  the  shale 
n  Avery's  Ravine. 
Hall."    (Fi^.    174.)      (Pal. 

.  xux.,xnii.) 

. — Ovate  elliptical    outline; 
slight  depression  extending 
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from  posterior  to  tlie  beak,  to  the  posHnferlor  nuirgin,  whei'e 
it  causes  a  slight  eouBtriction  in  the  margin ;  very  fine  con- 
centric strife,  often  crowded  on  tlie  posterior  pOT-tion  of  tlie 
sheU. 

Found  in  the  lf)wer  Moscow  shale,  at  Sections  4  and  5 ;  in 
the  Lowershale,  down  to  and  in  the  shale  below  the  Trilobite 
beds,  at  Sections  5  to  8 ;  and  in  the  Htrophalosia  bed,  on  the 
Lake  Shore  (where  it  is  very  rare). 

Pal^oxeilo  FEtuxDA.  Hall.  (Fig.  175.)  (Pal.  N.  Y., 
Vol.  v.,  Pt.  I.,  p.  336,  PI.  XLIX.) 

DiHtitigiiishiBg  Characters . —  Elongate  ovate  outline; 
length  nearly  twice  the  height;  obtusely  rounded, or  doubly- 
truncate,  posterior  margin;  tine  concentric  stria-,  which 
become  elevated  into  sharp  lamella;,  alternating  in  size  on 
the  posterior  slopes. 
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Distinguiiihing  Character. —  Deeply  sinuate  or  emai^nnte 
poBtcrior  margin;  stpong  umbonal  ridge,  with  depression 
iibtive  it;  [irodnced  post-cardinal  extremity;  strong,  ele- 
vated, distant,  laraellose,  concentric  ridges,  with  finer  stripe 
l>et\veeii. 

Found  in  the  Lower  shales,  down  to  twenty-five  feet  below 
the  Enci-inal  limestone,  at  Sections  5  to  7  {common);  also 
in  the  slinle  below  the  Nautilns  bed,  in  Avery's  Creek. 

Genub  MACRODON.    Lycett. 

[Etv.  :   Maerot,  long  ;  odoui,  tooth.] 
(1849:  Miirch.  Oeol.  Chelt.) 

.ShellH  with  equal  inequilateral  valves,  which  are  trans- 
veiwely  snb-elliptical,  or  sub-ovate,  in  outline.  The  anterior 
end  is  angular  at  the  cardinal  line  and  rounded  below.  The 
posterior  end  is  rounded  or  obliquely  sub-truncate.  Beaks 
anterior  to  the  middle;  cardinal  line  long  and  straight. 
Ligament  external.  Cardinal  teeth  several;  lateral  teeth 
two  to  four,  situated  near  the  extremity  of  the  cardinal  line. 
Surface  marked  by  concentric  strise,  whichareoften  lamellose, 
and  in  some  si)ecie8  by  fine  radiating  lines. 

M.\ci(ouox  HAMiLTONi^.  Hall.  (Fig.  178.)  (Pal.  N.  Y., 
Vol.  v.,  Pt.  L,  p.  349,  PI.  LL) 

Distingmshing  Characters.— Ohtasely  sub-angular  ends 
of  hinjri'  line;    rounded  post-interior  end;    strong,   distant 


^ 


ID  reUlnlnfc  both  tbIto.  the 


lamellose  uuncentric  lines;  fine  internipted  radii,  strongest 
on  the  poHterior  part  of  the  shell. 


Forniil  nine  to  twelve  feet  below  the  Encrinal  Jiniwtoiie,  nt 
Section  7  (very  rare). 

Genus  GRAMMYSIA.    DeVerneiil. 

[Ety.  ;   GramHUf.  a,  line  of  writing;  '»;/>,  a  muBse!  sbell.] 
(184?;  Bull.  8oc.  Geo.  France,  3d  8er.,  Tome  IV.,  p.  066.) 

Shell  with  equni  inequilateral  valves,  which  are  ti-aus- 
versely  elliptical  or  sub-ovate.  The  beaks  are  prominent 
and  incurved,  and  in  front  of  them  is  a  etronj^,  heart-shaped 
depression,  or  "lunula,"  while  behind  them  a  similar,  but 
somewhat  elongate,  impression,  or  "eBCuteheon."  oeeure. 
Usually  an  oblicjue  cinetui-e  and.  fold  tra\er8e  the  shell  from 
beak  to  base.  The  surface  is  marked  Ijy  concentric  strive  and 
frequently  by  concentric  undulations.    Ligament  external. 

Grammysia  AROTATA.  (Conrad.)  (Fig.  179.)  I  Pal.  N.  Y.. 
Vol.  v.,  Pt.  I.,  p.  373,  Pis.  LXI.,  LXIII.,  XCIII.) 

DiatinguishingCbaracters. — Sub-anterior  beaks ;  uniformly 
rounded  anterior  and  posterior  ends ;  strong,  uniform  con- 
centric undulations,  which  pasw  around  the  shell  from  lunule 


to  escutcheon;  fine,  close,  concentric  strife;  cincture  a  mere 
flattening. 

Found  nine  to  twelve  feet  below  the  Encrinal  limestone, 
at  Section  7  (a  fragment,  the  identification  of  wliich  is 
questionable). 

Note. — Although    the    genus   Grammysia    is    well    rep- 
resented in  the  Hamilton  group  in  central  and  eastern  New 
-York,  it  appears  to  be  almost  unrepresented  in  this  portiun 
V*f  the  State- 


Ue.vi"8  SPHENOTUS.    Hall. 

[Exr. ;  Sphen,  wedge;  ous,  ear.] 
(1884:  Pnl.  N.  Y..  Vol.  V.,  Pt.  L,  p.  xiiiii.) 

Shells  with  equal,  very  inequilateral,  valves,  elongHte  Bub- 
tiapezoidal  or  cylindrical  in  outline.  The  anterior  end  is 
short,  and  the  posterior  end  usually  obliquely  truncate.  A 
long,  straight  hinge  Hne;  a  well-marked  unibonal  ndge, 
with  a  secondary  ridge  usually  occurring  on  the  slope  above 
it;  a  moi-e  or  less  defined  oblique  cincture;  two  short  cardi- 
nal, and  twoslender  lateral, teeth;  external  ligament,  lodged 
in  ii  slender  groove,  and  concentric  surface  strife,  character- 
ize this  genus. 

Sphenotus  truncatis.  (Conrad.)  (Fig.  180.)  (Pal. 
N.Y.,  Vol.  v.,  Pt.  I.,  p.  394,  PI.  LXV.) 

Distinguishing  Characters. — Small  size;  straight  base, 
slightly  constricted  anterior  to  the  middle;  angular  unibonal 
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Fin.  im.    Sphenotut  Iruncalui.    Specimen  retalnliiK  both  vKlvea,  x  i;  left  and  risht 
valvrM  (rrom  Hall), 

ridge;  obscure  umbonal  fold;  shallow  cincture;    very  fine 
radiating  strite. 
Found  in  the  Deniissa  bed,  at  Section  5  (very  rare). 

Gexus  CONOCARDIUM.    Bronx. 

[Ett,  ;  KixiM,  cone;  kardia,  Leart.] 
{I8.S5:  Lethffitt  Geognostlca,  Vo).  I.,  p.  93.) 
Shells  with  equal  inequilateral  valves  of  a  trigonal  or 
spindle-shajied  outline.    The  anterior*  end  is  obliquely  trun- 
cated, and  along  the  cardinal  line  it  is  produced  into  a  tube, 
which   is   often    broken    away,   leaving   an  opening.    The 

■  I  rollow  ZItlel  In  regardlDg  ths  truncBl«d  end  sa  tbe  anterior  oa«. 
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posterior  end  is  conical  ftnJ  gaping  Ijehiiiil.  A  orenulnteil 
ventral  margin;  a  straight  cardinal  line;  prominent  and 
strongly-incurved  beaks;  jironiinent  utnbonal  i"idge,  orna- 
mented with  an  expansion  of  the  test  ui  continuation  of 
the  truncated  anterior  end ;  external  ligament ;  concentric 
stria?  and  strong  radii, — are  characteristic  feutin-es  of  this 
genus. 

CoNOtJAItDIUM    NORMALE.     Hall.     (Fig.    181.)     (Pal,  N.  Y., 
_  Vol.  Vir.,   p.    41], 

^m^^^^  PI-  Lxviii. ) 

J^^  ^f^^^^^B^^^^^  -^ 's  i tig II  iehing 

^^f,  jJm^^^^^^^^^^^        Characters.— l&r^ 

»     .=7^^^^^^^^^     ^^    .....    .       distant  radii,  with 

Fro.  ISl.     CtmncaraiMm   n.n-nialr.     The  \etl  aide  of  a  ' 

law  Bpeclmen  (from  Hull).  }i,ie    Btria-    ill    the 

interspaces;  concentrie,  undulating  etrift. 

Found  in  the  Encrinal  lirnestone,  at  Section  5  la  frag- 
ment). 

CONOCARDIt'M  EBORACECM,  Hall.  (Fig.  182.)  (Pal.N.Y., 
Vol.  Vn.,  p.  412,  PI.  LXVIII. ) 

Distinguishing  Chariictei's. — Small  size,  aub-nvate  outline; 
gently  curving  basal   margin;    slightly  concave  truncated 


end ;  abruptly-contracted  and  nasnte  tapering  lend ;  con- 
centric laniellose  strife,  and  rafliating  plications,  obscure  on 
the  perfect  test;  radii  continued  beyond  the  concentric 
larainie  at  the  margin  as  strong  interlocking  denticulatioiw. 


263 


Found  ill  the  Encrinal  limestone,  at  Section  5  (several 
fragments,  probably  of  this  species,  though  the  characters 
are  very  much  obliterated). 

CONOC'ARDIUM    CRA88IFRON8.       (  C  O  U  r  a  d  .  ) 

{Fig.  182A.)  {Pleurorhynchus  crassifrons. 
Conrad:  Journ.  Aca^l.  Nat.  Sci.  Phil.,  Vol. 
VIII.,  Pt.  I.,  p.  252,  PI.  XIII.,  1839.) 

Distinguishing  Characters. — Small  size ; 
short  valves;  broad  truncated  anterior  end; 
narrow  posterior  (winged)  end;  elevated 
distant  beaks;  five  or  six  convex  radiating 
lines  on  eax^h  valve.  ^^^  ^^^    ^^^^, 

Found  in  the  Hamilton  group  of  Eighteen  ^raSTTni^riS;  vi^t^s 
Mile  Creek.  (Am.  Mus.  Nat.  Hist. New  York.)  lifter coTrSif  ""^"^ 


Genus  LUNULICARDIUM.    Munstek. 

[Ety.  :  Lunula,  a  little  moon;  cardium,  a  genus.] 
(1840:  Beitrftge  zur  Petrefactenkunde,  8tes  Heft.,  s.  69.) 

Shells  with  equal  inequilateral  valves,  transversely  sub- 
elliptical,  sub-circular,  or  trigonal  in  outline.  From  the 
terminal  beaks  a  sharp  angular  ridge  runs  downward, 
delimiting  a  flattened,  heart-shaped  anterior  area  or  lunule, 
which  has  a  central  byssal  opening.  Surface  marked  by  con- 
centric striae,  and  often  by  strong  radii. 

LUNIJLICARDIUM  FRAGILE.  Hall.  (Fig.  183.)  (Pal.  N.  Y., 
Vol.  v.,  Pt.  I.,  p.  434,  PI.  LXXI.) 

Distinguishing  Characters,— '^moW  size;  fragile  condition; 
smooth  surface,  which  shows  only  fine  concentric  lines,  and 
rarely  very  fine  radiating  lines;  lunule  with  a  thin  expansion 


Fio.  188.    Lunulicardium  fragile.    Four  specimens,  illustrating  variations,  enlarged 
X  2  (from  Hall). 
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of  tlie  pliell,  visible  only  in  the  most   pei-fectly  pn?served 
specimens. 

Found  in  the  black  Naples  (Gardeau)  shales  of  the  Lake 
Shore ;  in  the  gray  Naples  (Cashaqua  )  ehales,  at  Section  1 ; 
in  the  Genesee  sliales  (especinlly  abundant  in  the  lower  bleick 
bandH  of  Section  1,  etc.);  and  on  the  Lake  Shore;  in  tiie 
Styholina  layer  (rare):  in  the  lower  Hamilton  Bhales,  be- 
tween nine  and  twelve  feet  below  the  Kncrinal  limestone,  at 
Section  7  (one  sf)ec!nien);  also  in  the  Transition  shales,  on 
the  I^^ke  Shore;  and  in  tlie  Mar- 
celluB  shales,  on  the  Lake  Shore 
(where  the  species  is  common). 

LUNri-lCAlillllM  OHNATIM.      Hall. 

(Fig.  184.)    (Pal.  N.Y-.Vol.V.,  I»t. 
I.,  p.  437,  PI.  LXXL) 

Distinguishing  Characters. — 
Large  size ;  broadly  obovate  out- 
line;   forty-five    to    sixty   i-egular 
flattened  ra^liating  plications,  with 
(uiiir  A'riKirfTBiierfTOin'uie     narrow    intersnaces,    and    crossed 

Cltiernung  group  Cfroto  HbII).  '  ... 

l)y  closely-arranged,  undulating, 
lamellose,  concentric  strifp. 

Found  (?)  in  the  lower  Genesee  Hliale.  at  Section  1  (vei*j' 
rare). 

LrNLUCAHIHL-M  tURTLM.  Hall.  (Fig.  IHo.)  (Pal.  N.  Y.. 
Vol.  v.,  Pt.  L,  p.  437,  PI.  LXXI. ) 

Distingimhing  C7(ar»''(ers.— Siili-trigonal    outline;     long 

«  truncated    end,    with    a  thickening 

along  the  margin ;  twenty-five  to 
thirty  narrow  roinided,  or  sub-angu- 
lar plications,  with  wider  interspaces, 
crossed  by  fine  lamellose  concentric 
8  trite, 
Fm.  185.   LKMtUatrdium  Founfl  "lu  the  Mnrcelliis  shale,  at 

cuHum.    RiKht  tbItp.  from  ,  -  ,  r,    ■      c  x-    t  i    ■       .. 

the  MurcelliB  Bh»le  or  Alden,         Aldeil,    hriB  LOUUtV,  ^.    1,,  aUU   lU    the 
Erie  Co.,  S.  Y.  (from  Hill).  ^  '  ,      ,  '  '  _  .      . 

Hamilton  shales    *    "    •    at    "    "    * 
Hamburg,  N.  Y."    (Hall.) 
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Ge.nts  PARACYCLAS.    Hali,. 

[Ety.  :   Para,  allied  to;  egeiat,  h  genua.] 
(1848:  Geo!.  Surr.  N.  T.,  Report.  4th  Dist.,  p.  171.) 

Shellw  with  equal,  nearly  equilateral,  valves,  siib-oibieular 
or  broadly  sub-elliptical.  The  anterior  end  is  regularly 
rounded,  the  posterior  end  rounded  or  Bub-truncat*".  Small 
low  beakn,  short  hinge  line,  concentric  strire,  and  often  con- 
centric ridges,  further  characterize  this  genus. 

Pakacvci.as  ijrata.    (Conrad.)    (Fig.  186.)    (Pal.  N.  Y., 
Vol.  v..  Pt.  I.,  p.  441,  Pis.  LXXII., 
XOV.) 

Distitifruishing  Characters. —  Nearly 
circular  outline;  medium  size;  strong 
concentric  ridges. 

Found  in  the  hard   layer  of  Mar- 
tellus  age,  ten  feet  above  the  base, 
at  the  northern  t 
Cliff  (vury  rare). 

Genus  TELLINOPSIS.    Hall. 

[Ety.  ;  ReBembMng  a  TMina.] 

<te80:  Preliminary  Dotice  Lame  1 11  braoch lata,  2,  p.  80.) 

Shells  with  equal,  nearly  equilateral  valves,  sub-elliptical 
in  outline.  The  anterior  end  is  rounded  and  the  posterior 
end  sub- truncate  or  emarginnte.  Small  beaks,  gently  curving 
cardinal  line,  prominent  umbonal  slopes,  small  external 
lit^anient,  concentric  strite,  and  radiating  striie  (sometimes 
obsolete ),  are  other  characteristic  features. 

Tici.Lixoi'sis  si'n-KMAKOiNATA.  (Conrad.)  (Fig.  187.) 
(Pal.  X.  Y..  Vol.  v.,  Pt.  I.,  p.  464,  PI.  LXXYI.) 

Distin^uisbingChavactertt. —  Snb-emarginate  posterior  end; 
large  roundel  anterior  end;  oblique  depression  extending 
from  the  t>eak  to  the  posterior  margin,  or  below  ;  flattened 
space,  limited  on  each  side  by  a  ridge  and  extending  from 
the  lieak  to  the  antero-basal  margin;  fine  concentric  and 
fine  radiating  strife. 
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Fig.  187.    TeUinopsis  sub-emarginata.    Two  valves,  showing  variation  in   size  and 
form  (from  HaU). 

Found  in  the  Strophalosia  bed,  in  Avery's  Creek,  and  the 
shale  just  above  it  (very  rare). 


Genus  PHOLADELLA.    Hall. 

[Ety.  :  Diminutive  of  the  modern  genus  Pholas.] 
(1870:   Preliminary  Notice  Lamellibranchiata,  2,  p.  63  ) 

Shells  with  equal  inequilateral  valves,  elongated,  varying 
in  outline.  Anterior  end  rounded  or  obliquely  truncate; 
posterior  end  truncate.  Incurved  ant^erior  beaks;  straight 
cardinal  line;  prominent  rounded  or  sub-angular  umbonal 
slopes;  a  deep,  sharply-defined  lunule;  a  well-marked 
escutcheon;  concentric  striae  and  undulations,  and  distinct 
radii,  covering  all  but  the  anterior  and  cardinal  slopes, — 
mark  this  genus. 

PnoLADELLA  RADiATA.  (Courad.)  (Fig.  188.)  (Pal. 
N.  Y.,  Vol.  v.,  Pt.  I.,  p.  469,  Pis.  LXXVIIL,  XCVI.) 

Distinguishing  Clmracters.— Small  size;  cuneate  outline; 
regularly  rounded  basal  margin;    obliquely   to    vertically 


Fio.  188.    PholadeUa  radiata.    Two  right  and  two  left  valves  (from  Hall). 

truncate  posterior  end;  anterior  end  obliquely  truncate 
above,  by  the  deep  lunule;  cincture  extending  from  beak  to 
base ;  fine  concentric  striae,  and  strong  radii. 

Found  ten  feet  below  the  Encrinal  limestone,  at  Section  7 ; 
in  the  Modiomorpha  sub-alata  bed,  in  Idlewood  Ravine,  and 
on  the  Lake  Shore. 


\ 


\ 
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Genus  ORTHONOTA.    Conrad. 

[Ety.  :    Orthos,  straight ;  noto9,  back.] 
(1841  :   Annual  Report  Geol.  Surv.  N.  Y.,  p.  50.) 

Shells  extremely  elongate  and  inequilateral ;  anterior  end 
rounded,  posterior  truncate.  Beaks  near  the  anterior  end. 
Cardinal  line  straight,  or  sometimes  slightly  concave,  extend- 
ing nearly  the  entire  length  of  the  shell.  Dmbonal  slopes 
rounded  or  angular,  and  defined  byoneor  moredistinct  folds, 
which  extend  to  the  post-basal  extremity.  Surface  marked 
by  fine  lines  of  growth,  and  often  by  strong  undulations, 
which  are  least  conspicuous  on  the  anterior  end.  Two  or 
more  rounded  or  angular  oblique  folds  extend  from  the 
beaks  to  the  posterior  and  post-betsal  margins.  Cardinal 
margin  with  a  long  linear  fold  embracing  the  ligament,  which 
is  apparently  internal. 

Okthonota  (?)  parvula.  Hall.  (Fig.  189.)  (Pal.  N.  Y., 
Vol.  v.,  Pt.  II.,  p.  482,  Pis.  LXV.,  LXXVIII.) 

Distinguishing  Characters, —  Elongate  sub-trapezoidal 
form;  straight  ventral  and  dorsal 
margins;  angular  umbonal  slope; 
flat  or  slightly  concave  post-cardinal 
slope ;  flne  surface  stride,  and  absence 
of  undulations. 


Found  in  the  shale  between  the     fio.  i89.    orthonota  (?)  par- 

vula. 

valves 

Hall). 


pai 
XT        i.*i  1    c3j.  u    1       •        1     J        •        vula.    Specimen    retaining  both 

Nautilus  and    StrophalOSia    beds,   m    yalyes  Inconjuiictioii,  x 8  (from 

Avery^s  Creek  (one  specimen). 

Genus  CARDIOLA.    Buoderip. 

[Ety.  :  Kardia,  the  heart.] 
(1884  :   Trans.  Geol.  8oc.) 

Shells  with  equal  inequilateral  valves,  obliquely  oval  or 
sub-circular;  with  large  prominent  obliquely  incurved  beaks. 
Hinge  line  with  a  flattened  cardinal  area,  which  is  widest 
between  the  beaks,  and  extends  for  its  whole  length.  Surface 
radially  plicated. 
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Cardiola  itETROSTRiATA.  von  Buch.  (Fig.  190,)  {Glyp- 
tocardia  speciosa.  Hall:  Pal.  N.  Y.,  Vol.  V.,  Pt.  I.,  p.  426, 
Pls.LXX.,  LXXX.) 

Distinguishing  Characters. —  Small  size,  nearly  circular  out- 
line; oblique  truncation  from  beak  to  poaterior  extremity; 


broad,  flat,  rounded   plications,  with  very  narrow  inter- 
spaces; arching  iamelloee  concentric  strite. 

Found  in  the  lower  gray  Naplesshales  and  Goniatite  layer, 
at  Sections  1  to  -t  (common) ;  also  in  the  Strophalosia  bed, 
on  the  Lake  Shore  (one  fragment  of  a  lai^  specimen). 

Genus  CYPRICARDINIA.    Hall. 

^Etv.  :   liesenibling  Ibe  genus  Cj/pn'Mi'dia.] 
(1859  :   Pal-  N.  Y.,  Vol.  III..  Wit.  p.  266.) 

Shells  with  unequal  valves,  the  right  valve  more  convex. 
Outline  varying  from  obovate  to  trapezoidal,  with  a  short 
rounded  anterior  end  and  a  wider  obliquely  truncate  poste- 
rior end.  Sub-anterior  incurved  beaks;  straight  or  arcuate 
cardinal  Une,  which  arises  from  the  beak ;  external  ligament ; 
one  long  lateral  tooth ;  concentric  lamellose  undulations  and 
finer  striie,  and  in  some  specimens  radiating  strite,  charax:- 
terizethis  genus. 

.   CvpititARDlxiA    IXDENTA.      (Conrad.)     (Fig.   191.)      (Pal. 
N.  Y.,  Vol.  v.,  Pt.  I.,  p.  485,  PI.  LXXIX.) 

Distinguishing  Characters. — Slightly  sinuate  basal  margin ; 
straight  cai-dinal  line ;    distinct  cincture  on  right  valve,  less 


(liBtinct  on  left  valve;  rounded  unibonal  slo])e  of  right  valve, 
and  Hub-nngiilar  umbonal  slope  of  left  valve;  strong,  une- 
qually distant  concentric  undulations  and  finer  strife; 
nidiating  striae,  and  a  setnm!  set  of  stnti'  vertiral  to  the 
concentric  lam  ell  rp. 

Found  in  the  lower  two  feet  of  the  Moscow  shale,  at  Sec- 
tions -i  and  5  (one  specimen) ;  in  tlie  Deniissa  bed,  at  Section 
5  (abundant) ;  also  in  the  shale  and  limestone  Iteda  between 
the  Trilobite  and  Strophnlosia  beds  (fairly  common). 


Genus  ELYMELLA.    H.vi,r.. 

[Erv.:   SlymiM.  a  CRM.] 
(1895  :   Pal.  N.  Y..  Vol.  V..  Pt.  I.,  p.  1.) 

Shells  with  equal  inequilateral  valves,  ovate-elliptical  in 
outline.  The  anterior  end  is  short  and  rounded,  the  poste- 
rior end  narrower  and  rounder]  at  the  extremity.  Closely 
incurved  beaks;  prominent  umbones;  a  short  cardinal  line; 
and  concentric  lines  of  growth,  which  are  sometimes  lamel- 
lose, —  mark  this  genus. 

ElYMELLA  NlTtlLOIDES.  Hall. 
(Fig.  1U2.)  (Pal.  N.  Y.,  Vol.  V.. 
Pt.  I.,  p.  503,  PI.  XL.) 

DiBtinguUbing  Cbanictera.— 
Small  size;  obliquely  ovate  outline; 
r^ularly  curving  margins;  hinfje 
line  straight,  a  little  less  than  half 
the  length  of  the  shell ;  nne  concen-  Bpecimen,  rewunirw  both  .mr™.  i 

.  .  conjunction,  from  Hftiiillton  (crtiu 

tnc  stna;,  fasciculate  on  the  surface  from  Baiii. 
of  the  shell,  giving  rise  to  strong  undulations. 


Fomn!  "in  the  Hamilton  »hale8,at  Hambui^-on-tbe-Lake, 
Erie  County.  N.  Y."    |  Hall,  type.) 


GE.vtn*  MODIELLA.    Hall. 

[Ett.  :   XadM,  ■  iDMSure  :  tOit.  dimintitiTe,  dimtu.  of  genu  Uodiolft.) 

(1870:  Pal.  N.  y  .  Vol  V,,  Pi,  I.,  p-  .M.J 
Sbdl^  with  equal,  very  inequilateral,  valves,  obovate  in 
outline,  .\nterior  end  short,  posterior  broad  and  curved,  or 
obliquely  sub-truncate,  at  tbe  eitremity.  Anterior  beaks 
aud  arcuate  cardinal  line;  hinge  with  elongate  ^oove  and 
fold;  linear  ligament;  fine  concentric  striie,  and  faint,  curv- 
ing, radiating  wtria?, — are  characteristic  of  this  genus. 

MowELLA  PYfiMJEA.    (Conrad.)    (Fig.  193.)    (PaJ.  N.  ¥., 
Vol.  v.,  Pt.  I.,  p.  514,  PI.  LXXVI.) 

Vistinguishinfr  Cbaraeteiv. —  Small  size ;  obliquely  obovate 
outline,  resembling  Modiola:    broadly  curved  to  obliquely 
truncate     posterior 
margin ;   auric u late 
anterior   margin,    the 
ear   <lefined  by  a  dis- 
tinct   sulcus;     curved 
:..  Two  tefi  v.i™.,  ««.  radiating  strife. 
"  """'■  Found     twenty-five 

feet  lielow  the  Encrinal  limestone,  in  Idlewood  Ravine  (very 
rare) ;  also  in  the  Strophalosia  bed  on  the  Lake  Shore(rare), 


Class  Gastropoda.    Civier- 

Tho  gastropods,  or  snails,  are  molluscs,  wftli  a  distinct  head,  ■  mus- 
cular foot,  and  a  mantle  consisting  of  n  single  lobe.  They  are  terrestrial, 
marine,  or  fresh-wstflr  animals,  and  are  commonly  protected  hy  a  conical 
or  spirally -coiled  sbell,  which  is  secreted  by  the  mantle.  Tbe  apical 
portion  of  the  shell  usually  consists  oF  a  simple  coiled  embryonic  shell, 
or  protooiruA.  Succeeding  this  la  tbe  shell  proper,  which,  when  colled, 
cnmprlses  few  or  many  irliorli,  the  latter  overlapping  the  earlier  ones  to  a 
greater  or  leas  extent.  The  nitiire  al  the  Junction  of  the  OTerlapptng 
whorls  may  be  faintly  or  strongly  Impressed.  The  whorls  may  ooll 
closely,  forming  a  compact  central  talumeUa;  or  Ibey  may  be  loosely 
coiled,  leaving  a  hollow  columella,  opening  below  in  the  uinbilkui.  Tba 
body'whorl  opens  in  the  apertare,  the  rim  or  jtcriatomt  of  which  consists 
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of  an  outer,  and  an  inner  or  columdlar  lip.  The  peristome  is  complete 
when  both  inner  and  outer  lip  are  present,  and  incomplete  when  the  place 
of  the  inner  lip  is  taken  by  the  preceding  whorl.  In  a  great  many  species 
the  peristome  is  notched  anteriorly,  or  produced  into  a  straight,  or  more 
or  less  flexed,  canal.  A  posterior  notch  is  also  frequently  found.  The 
columellar  lip,  and  in  its  absence  the  columella,  may  be  smooth  or 
furnished  with  one  or  more  plications.  Similarly,  the  outer  lip  may  be 
smooth  on  its  inner  side  or  furnished  with  plications  or  lira.  Among  the 
external  features  of  importance  are  the  transverse  lines  of  growth,  which 
mark  the  successive  increments ;  varices  or  rows  of  spines,  parallel  to  the 
lines  of  growth,  and  marking  periodic  resting  stages  during  the  growth 
of  the  shell ;  and  revolving  longitudinal  lines  or  ridges,  which  may  be 
uniform  or  alternating,  or  may  show  a  gradation  in  size.  When  the  varix 
is  reduced  to  a  single  spine,  this  usually  marks  the  angle  between  a 
shoulder  and  the  body  of  the  whorl.  The  shell  will  thus  come  to  be 
ornamented  by  a  revolving  row  of  spines  set  at  regular  intervals  on  the 
slioulder- angle.  In  place  of  the  spines,  simple  nodes  may  occur.  When 
transverse  and  longitudinal  lines  cross  each  other,  a  reticulated  surface 
ornamentation  is  produced ;  and  when  the  shell  is  covered  by  an  epider- 
mis, or  perioBtraeum,  hair-like  spines  not  infrequently  arise  from  the 
points  of  crossing.  In  Pleurotomaria  and  related  gastropods,  a  siphonal 
notcli  occurs  in  the  outer  lip,  and  its  progressive  closure  from  behind 
leaves  a  marked  revolving  band,  commonly  visible  only  on  the  body- 
whorl. 

Many  species,  especially  of  marine  gastropods,  secrete  a  homy  or 
calcareous  operculum,  which  is  attached  to  the  foot,  and  closes  the 
aperture  of  the  shell  when  the  animal  is  withdrawn.  This  is  seldom  pre- 
served in  fossils. 

Note. — The  anatomy  of  gastropods  is  treated  of  in  the  text-books  on 
zoology.  The  various  manuals  of  conchology  describe  the  recent  as 
well  as  the  fossil  genera,  with  especial  reference  to  the  shells.  For  a 
modern  classification,  Zittel's  text-book  (Eastman's  translation)  should  be 
consulted.  The  species  described  beyond  are  nearly  all  more  fully  de- 
scribed and  illustrated  in  Vol.  V.,  Pt.  XL,  Pal.  N.  Y.,  to  which  reference 
is  made  in  the  text. 


Genus  PLATYCERAS.    Conrad. 

[Ety.  :   Platy%,  flat;  keras,  horn.] 
(1840:  Ann.  Rep.  N.  Y.,  p.  205.) 

Shell  conical,  irregular,  with  or  without  the  apex  inrolled. 
Aperture  (expanded,  often  reflexed;  peristome  entire,  often 
sinuouH.     Surface   variously    striated,   sometimes    bearing 

spines. 


I  Fig.  195.)    (Pal,  X.  Y.. 
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PLATycERAS  Eithx-TiM.    Htill.    (Fig.  194.)    ( Pal.  N.  V.,  Vol. 
v..  Ft.  II..  p.  5,  PI.  11.) 
Distingainhing  CT)a/-actery.— Cloeely  iiirolled  opex,  for  oue 
and  one-lialF  volutions;  rapiilly  expanding 
lower    portion;    outer    Burfoce    regularly 
arcuate  to  the  inrolled  spire;    concentric 
lamelloBe  Btrise,  arched  abruptly  over  nar- 
row bands,  marking  former  Binuosities  in 
the  peristome. 
Found  in  the  DeinisHa  beds,  at  Section  5 
(where  small  indiriduals,  probably  of  this  sjiecies,  are  com- 
mon). 

Pl,ATVCERA8  CAKINATIM.      Hall 

Vol.  v.,  Pt.  11.,  p.  5,  PI.  II.) 
Distingumhhig  Charactors. — Obli(]ue,  sub-conical  or  aub- 
pyraniidal  form ;  minute  apex,making 
one  or  one  and  one-half  volutions; 
rapid  expansion  below;  strong  eaii- 
nation  on  outside  of  body-whorl, 
with  commonly  a  depi-easion  on  either 
side ;  obscure  plications ;  oblique 
ai>ertnre;  sinuous  peristome:  undu- 
lating concentric  Btrije. 
.JfumurmrHlJ'ijf™  '"'"'"  Found    in  the  Encrinal   limestone, 

and  in  the  Demissa  bed,  at  Section  5 
(rather  rai-e) ;  also,  rarely,  in  the  middle  Trilobite  bed. 
Pi-ATycicuAH  THETIS.    Hall.    (Fig.  196.)    (Pal.  N.  Y.,  Vol. 
v.,  Pt.  II.,  p.  8,  PI.  III.) 

Distingaisbhig   Characters. — Ai-caate 
outer   surface;     closely    inrolled    apex, 
making    one    volution;    gradually  ex- 
panding lower  portion;    nearly   round 
aperture ;     sinuous    |jeristonie ;    lateral 
Mc(2\Lft'er  Hu'i'iJ.""'''"'     lougitutlinal    folds ;     closely    arranged 
lamellose  concentric  stiTte. 
Found  in  the  Deniissa  bed^  at  Section  5;  and  in  the  middle 
Pleurodictvum  bed,  in  Avery's  Creek. 
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.   (doubt- 


I'latyikham  mr(x:i;i,KXTL'M.  Hall.    (Fig,  197.)    (ral.X.Y., 
Vol.  v.,  Pt.  II.,  p.  10,  PI.  HI.) 

Distiiifiuifibinfi  Characters. — Irregular 
fdi'iu;  closely  iiirolled  spire,  making  one 
or-  two  volutions;  rapidly  and  unequally 
fxpiindiiig  lower  jiortion;  rounded  longi- 
tudinal folds  or  seuii-i)lieutionH;  fiiint  re-  ^,^'^1 
volviiig  strife.  "'"*■ 

Found  in  the  Enerinal  limestone,  at  Section 
lull. 

Pl..\TY(KI{A8  HYMMETIlH'tll.    Hall.    (Fig.  1!)8.)    (  Pal.N.  Y., 
Vol.  v.,  Pt.  H.,  p.  9,  Pi.  HI.) 

Dist  i  II  fi  u  ix  h  i  n  g  CliarRcters. — 
Strongly  areuate  and  incurved 
form,  with  one  or  one  and  one-linlf 
volutions  coiled  in  the  same  plane, 
hiHt  volution  free;  e<iually  8|)read- 
iiifi'  lower  portion;  oblique,  sub- 
(luadratf  to  rhondioidal  aperture; 

'.  _  .    ^  '         ^     .  '  Fin,    IM.     FU.t«c^m.   .ymmet- 

SUlUate      1)eristOnie;        concentric       ncvm.    Aoliftrai-lfrlBllcHpecimen 

.  —the  lower  imrt  In  t.m  Hli'onicl]' 

Htria';     and    obscui-e    longitudinal     (inrerenu«i«irrr.miii.'iii.[tiT<fmin 
Found  in  the  middle  Pleurodictv 


1  bed,  in  Averv'n  ("i-eek 


!'l,ATVCKttAS    {OuTHO.VYCHIA)    ATTENl'ATLM. 

lit'.!.)    (Pal.  N.  Y.,  Vol.  v..  It.  II.,  y.  11, 
PI.  HI.) 

Ilistiiifiuishin^-  Characters.  —  ('onical 
foini;  ininntc  and  slightly  inrollcd  ajffix, 
making  from  one  to  (me  and  one-half  volu- 
rioiiM;  abrupt  expansion  (»f  body-whorl; 
vci-y  ol)li(|uc  peristome;  crowded,  undulat- 
ing coiirentric  stria;;  iri-egulnr,  undefined  Saiij.'"''""'  '"""'' 
longitudinal  folds;  sinuous  peristome. 

iMiniid  in  the  Kncrinal  linicstone,  and  the  Stictnpora  and 
DcmisKU  b<'<ls,  at  Section  5 ;  in  the  Trilobite  lieds,  at  Swtion 
8(nu-e). 
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Gexus  PLATYOSTOMA.    Conrad. 

[Etv.:   Platf/i*  broad;   ilomn,  moutU.] 
(1843  :  Journ.  Acad.  Nat.  8d.,  Vol.  VIII,.  p.  275.) 

Shell  with  a  short,  depressed  spire,  a  large,  dilated  aper- 
ture, and  with  the  inner  lip  lying  cloBe  against  the  body- 
whorl. 

Platyostoma  lineata.  Conrad.  (Fig.200.)  (Pal.N.  Y., 
Vol.  v..  Pt.  II.,  p.  21,  PI.  X.) 

Distinnuifihing  Characters. —  Volutions,  four  or  five;  lai^ 
ventricosebody-whorl,  which  is  regularly  convex,  and  a  little 
depressed  below  the  su- 
ture line;  sub-orbicular 
peristome;  thin  outer  lip, 
with  sharp  en  tire  margin; 
thickened  inner  lip,  folded 
side  and  top    *"»d  reflexcd  Over  the  uni- 

vle»«<.HerHa]l[.  billcUS,      whlch     in      udult 

Specimen!*  is  entirely  covered ;  fine,  nearlyequidistont, thread- 
like rev<ilving  stria",  cancelled  by  similar  concentric  strife. 

Found  in  the  lower  Moscow  shale,  at  Sections  4  and  5 
(rai-e) :  in  the  Encrinal  limestone,  at  Section  5  (common) ;  in 
the  Stictopora  and  Deniissa  beds,  at  Set-tion  5  (common,  hut 
smiill):  in  the  lower  Trilobite  bed,  at  Section  iS  (rare); 
between  the  Trilobite  and  Strophnlosia  beds,  in  Avery's 
Ci-eek  (ratiier  common), 

I'latyontonjn  lineata,  var.  sinuoaa,  Hall,  has  a  deep  sinns 
in  the  jieristonie,  near  the  umbilicus. 

Found  at  "Hamburg,  on  the  shore  of  Lake  Erie."    (Hall.) 

Pl.-iTYOSTOMA    l.lMvATA,    VUf.    KMAIMllXATA    n.    VJir.       (Fig. 

200A.)  (Comp-iiv  Pal.  \.  Y.,  Vol.  V.,  Pt.  II.,  PI.  X., 
Fig.  7.) 

Uistinf^nishinfr  Clitinictvrs. —  Spii'e  and  volutions  simihir 
to  /'.  lineata;   body-whorl   less  ventric(»HC':   the  Inst  whorl 

CI  orthography  fur  Ihfs  name  in  Plaltuloraa.  Imt  this  n*nip  was  preoccupied 

I.,.,,..  .„  .-.o  .  ., i„„....  ....  «... —  ._  ..^ .  n,|,]  fnp  „  flsh  by  Apasslz.  in 

nn,  In  liit.  -  Manuel  de  Conchyll- 
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bIkmvs  II  distinct  revolving  band  formed  hy 
tlie  litu-kward  bending  of  the  lines  of  growth 
near  tlie  suture,  the  lip  thus  having  a  deep 
eninrgiujition  or  HinuH,afi  in  Plenrotomaria ; 
the  early  stages  of  the  shell  ni-e  typical  of 
the  sptries:  surface  reticulate  by  revolving 
stria-  troHHed  by  the  lines  of  gi-owth.  t 

Found  jissoeiated  with  Stietopora  and  »i'e'i'.'"(OrTgiti^iT 
Spiroi'liis,  in  the  Demissa  (?)  bed  (one  specimen). 


Genus  LOXONEMA.    Philljpr. 

[Ety.  ;   Zoto*.  oblique  ;  nemn,  thread.] 
<1841  :  Pftl  F088.  CorDwall,  etc.,  p.  98.) 

Shell  elongate,  with  a  tall  spire  composed  of  many  whorls. 
The  aperTiire  is  simple,  narrow  above,  ample  below.  The 
lines  of  growth  ore  doubly  curved,  and  there 
is  no  umbilicus. 

LoxoNKMA  HAMiLTONi^:.    Hall.    (Fig. 201.) 
(Pill.  N.  Y.,  Vol.  v.,  Ft.  II.,  p.  45,  PI.  XIII.) 

Dititiii^mhinff  Characters. —  Large  number 
(iiliiiut  tliiiteeu)  of  volutions,  gi'adually 
incicjising  in  size ;  ventricose  body-whorl ; 
ovjite  ;i]ierture,  narrowing  Iwlow;  distant 
onrving  ftriie,  which  bend  gently  backward  m'aliami'ito 
from  the  Kuture,  and  forward  from  the  base 
of  1  lie  volution,  with  the  greatest  curve  in  the  middle. 

iMHirid  •  •  *  "at  Eighteen  Mile  freek" 
*  *  *  I  Hall),  in  the  Strophulosia  bed 
wherever  exposed  (common). 

1.,0.\ONKMA  llEl,l'IUCOI,A.  Holl.  (Fig. 
202.1  (Pal.  N.  Y.,  Vol.  V.,  Pt.  II.,  p.  47, 
Pis.  XIII..  XIV.) 

lUstiii^^iiisliiiiff  Ch R ra ctors. — Smaller 
number  nf  volutions  than  preceding  (iibout 
eij;:lit);  Hiittening  of  whorls;  strong  stria*, 
bcTit    isliglitly    back  for   a   short  distance  d^f^Sic^' (.ct^H^ 
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below  the  suture,  continuinf;;  in  nearly  a  direct  or  slightly 
curving  line  almost  to  the  boee  of  the  volution,  and  then 
bending  forward  to  the  suture ;  suture  banded. 
Found  in  the  Strophalosia  bed,  in  Avery's  Creek. 

LdxoNEMA  (?)  COAITA.  Hall.  ( Fif;.  203.) 
(Pal.  N.  Y.,  Vol.  v.,  Pt.  II.,  p.  44,  PI. 
XIII.} 

Distiiif^tiishiiifi^  Characters.  —  About    six 
volutions  to  fi  fragment  a  little  over  three- 
fourths  inch  lonp;   close,  very  gradually 
ascending  and  slightly  convex  volutionn, 
f'      Found   "in  the  Crinoidal*  limestone  of 
^  tlieHamiltongroup,  atEighteen  MileCi-eek, 
Erie  County,  X.  Y ."    ( Hall,  tyjie. ) 
L0XOXK.MA  iinL:vi(LLiM.    Hall.    (Fig.  204.)    (Pol.  X.  Y., 
Vol.  v.,  i't.  11.,  p.  132,  PI.  XXVIII.) 

Diatinf^uinhinfi  Charticters. —  .\bruptly  turriculate  spire, 
with  five  or  six  moderately  convex  volu- 
tions; somewhat  rapid  expansion  of  spii-e 
below  the  npex;  more  gradual  expansion 
below,  the  last  volution  scarcely  more  ven- 
tricose  than  the  preceding;  bi-oadly  sub- 
elliptical  a[)erture. 

Found  "in  calcareous  concretions  in  the 
nles  of  the  Hamilton  group,at  Hamburg, 


Fio.  DOS,  Loxi 
enapla.  An  i 
apedmrn    In    ]i 

(utter  H*1lj. 


Fltf.  am. 


lum.  Longllud-    " » '  ' *" 

(iouiafierliaiii,  on  the  tShoi-e  of  Lake  Erie."    (Hall,  tyj)e.) 


Uem,h  ECCYLIOilPHALUS.    Portlwh. 

(Etv.  :   Eecyliomiihntui'.  unrolled  umbilicus.] 
(1843  :  Gw>l.  Hep.  LiinU..  p.  411.) 
Shell  consiiiting  of  a  few    t(i|)enng,  widely-disconnected 
whorls,  the  upper  surface  of  which  is  usually  flattened  in  one 
plane,  anil  the  lower  surface  ot  the  whorls  round. 

EavLiOMniAi.usi.Axrs.    (Hall.)    (Fig.  205.)    (Pal.  X.  Y., 
Vol.  v.,  Pt.  II.,  p.  60,  PI.  XVI.) 


Dis  I  in;--!!  isli  uip;  CJmract^rs. —  Four 
volutions,  tlie  inner  ones  rising  mod- 
erately above  the  plane  of  the  outer 
ones;  giadniilly  and  regularly  expand- 
ing whorls,  with  circular  crosa-section  ; 
crowded  concentric  stris-. 

Found  in  the  Encnnnl  limestone,  at 
Section  n  (rare );  in  the  Transition  beds  and  the  Upjier  Mnr- 
celluB  bedH,  on  the  Lake  Shore  (rare). 

OKNt'8  .STBAPAROLLUS,    Montioiit, 

[Btv.  :   .WraAoK,  mrtintl  almiit.  I 
(1810:   (^oiicli.  Syst..  Vol.  II..  p.  174  f 

Slu-ll  diKroid,  depiTSsed  conir;ji.l,  wniooth  or  transversely 
btriated.  The  whoHs  are  rounded  and  floaeiy  joined.  The 
umbilicus  ia  very  wide,  exposing  all  the  whorle.  The  thin, 
complete  peristome  ia  indented  by  the  preceding  whorl. 

STHAPAnoLi.us  RrniH.  Hall 
(Fig.  aO(i.)  (Pal.  N.  Y.,  Vol 
v..  !^.  II..  p.  58,  n.  XVI,) 

Distin^nishiiifr  ( 'Imrnrteiv. — 
About  four  volutions,  rounded 
above  and  slightly  flat  teiied 
below;  inner  volutions  risinj, 
above  the  plane  of  the  outei 
one;  fine  surface  strife,  often 
irregular  nnd  in  fasficles. 

Found  in  the  Kncriniil  liini' 
stone,  at  Section  5  (ver\ 
rare). 


])E  Fkaxci:. 

.  or  notdi.] 

lU.  and  Diet.  Bci,  Nut,, 


(iEXUS  I'LEURUTOMARIA. 

[Etv.  :  Pleura,  sidi-;  toim,  cu 
<1S34;  TiibldiM  U,  corps  Orgatilavs  FugBllus,  p. 
Xr,i.,  p.  381.) 

Shell  trochus  shaped,  more  or  less  conical,  with  or  without 
uiubilieuB.    Volutions  angular,  flattened,  or  rounded,  their 
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8urfaeen  variously  ornamented.  Aperture  siib-ijuiiilrtitf  to 
8ub-oi-bieular,  the  inner  lip  thin.  The  outer  lip  bears  a  nar- 
row, deep  fisBure,  or  sinus,  which  is  the  still  uiicloBeil  con- 
tinuation of  a  revolnng  band, 

Plelhotomaria  lucixa.  Hall.  (Fig.  207.)  (  Pnl.  N,  Y.. 
Vol.  v.,  Pt.  II.,  p.  67.  PI.  XVIII.) 

Distitifpiisliing  Cliarnvters. —  Large  size;  sub-KloViose,  or 
obli<iueh  o\ni(l  conical  foini,  moderately  elevated  spire^ 
with  minute  ajwx,  and 
a Ij o u t  tour  Aolutioiis ; 
i-ef!;ular!y  and  ra  pidly 
expanding  bodv-whorl ; 
expanded,  neai'ly  round, 
ajwrtures,  with  shallow 
notch ;  neatly  defined, 
slightly  canaliculate  su- 
ture ;  modern tely  wide 
revolving  band,  limited 
by  revolving  lidges  on 
either  aide ;  i'  e  v  o  1  v  i  n  g 
stnBi,  cancellated  by  concentric  striaj  of  similar  eti-ength. 

Found  ill  the  Encrinal  linieetooe,  at  Section  5  ( very 
rare), 

Pkurotoniaria  Iiicinn,  var.  perFam-iata,  Hall,  is  dis- 
tinguished byits coarser  fasciculate  striie  on  the  body-whorl, 
which  give  the  shell  a  nodose  appearance, 

Found  in  the  middle  Pleurodictyum  bed,  in  Avery's  Ravine 
(onespei'inien). 

Pi.KruoTOMAitrA   iTVM.    Hall.    (Fig.    -lOH.)    (Pal.    N.  Y 
Vol.  v.,  Pt,  II.,  p.  76,  PI.  XX.) 

DisTitif^uiiiliiu^  Vharnctprs.  —  Turbi- 
nate form,  with  ascending  spire,  higher 
than  wide:  four  or  five  volutions,  grad- 
ually expaniling  to  the  ventricose  body- 
whorl;  broadly  oval  aperture,  some- 
what higher  than  wide;  strong  revolv- 
ing  stria?,  crossed  and  cancellated    by 
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finccMni'eiitric  Htriiv;  tmnd  limited  by  linear  t'ariiia  on  dtlit-r 
side,  the  concentric  etriit  making  an  abrupt  i-etral  curve 
within. 

Found  in  the  PIcurodictyum  bede,  chiefly  fts  casta. 

I'lvurntomaria  itj'a,  var,  tenuinpira,  Hall,  diffei-H  in  tiie 
greater  number  of  volutions  (seven  or  more);  greater  ro- 
timdity  of  the  hiat  two  voUitions:  Btrong  nnolving  wtritp, 
coarser  erenulatiuns,  and  absence  of  i-evolving  carina  limit- 
ing the  "band." 

Found  "in  tlie  shales  of  the  Hamilton  group,  at  Hurrtburg, 
shore  of  Lake  Erie."     ( Hall,  tv|>e. ) 

!'i.p:L'itoToMAitiA  rAi'iLLAiiiA.    Conrad.    (  Fig.  lilH),  |    |  pal. 
N.  Y.,  Vol.  v.,   Pt.  H.,  p.  77,  Pi. 
XX,) 

ffiBtiiigtmhinfi  <  'haracteis.—  Tuv- 
i-eted  8jiii-e,  with  four  or  moi-e  volu- 
tiouH,  ra.pidly  increaning  in  size ; 
ventricoHc  body-whorl,  an  angular- 
ity on  itsHpjjer  side  caused  by  two 
or  three  prominent  revolving  cn- 
rina-;  revolving  and  concentric 
Htrijp. 

Found  in  the  Strophalnsia  bed,  on  the  Lake  Shore 
(rare). 

Pl,KLROTO.MAI[IA   I'l.AMIKHtSAr.lM.      Ha 

N.  Y.,  Vol.  v.,   Pt.  II..  p.  H2,  PI. 
XXI.) 

lUstiiifxiiialiin}!  Characters.  —  De- 
pressed troehiform,  sub-discoidat 
spire ;  sub-angular  volutions, 
rounded  below;  aperture  strBight 
on  upper  side,  somewhat  rounded 
below ;  strong  revolving  carina, 
two-thirds  distant  from  suture  to 
peripheral  band;  similar  carina  on 
the  lower  side;  simjile  band; 
strong  concentric  strite. 


Icirtu  i.«tlitr  Hallt. 


(Fiji-.  21(1.1  ll'al. 


dornllt.  Anobllqiielyponip 
■DDvlineu.  with  snlmriwid 
□bUturUeil  (arwr  Hdllf. 
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Found  "in  the  Calcareous  shales  of  the  Hamilton  group, 
at  Hamburg,  on  the  Shore  of  Lake  Erie."    (Halt.) 

PLElROTO.\IAlitA     HLGULATA.      Hall.       (Fig.     210A.)      (Pul. 

N.  Y.,  Vol.  v.,  Pt.  IL,  p.  75,  PI.  XX.) 
Distinffuiiiiiing  Characters. — Low  spire,  rapidly  expand- 
iug  volutions,  the  body-whorl  forming 
almost  the  entire  bulk  of  the  shell; 
broadly  banded  periphery;  very  convex 
lower  side,  abruptly  compressed  to  the 
umbilical  area;  fine  surface  stripe.  Usu- 
ally occurs  as  internal  molds. 

Found    in    the    Hamilton   group    of 

™r»i^,«,.,,a.,ern»..,.       Eighteen  Mile  Creek.    (Coll.    Am.  Mus. 

Nat.  Hi«t.  New  York.) 


Fro.  SIOA.    Firu 


Gk.vi's  BELLEROPHON.    Montfokt. 

[Etv.  :  Mytliologltal  name,] 
(1808:  Cimch.  8yst.,  Vol.  I.,  p.  m.) 
Shell  syniiuetriciilly  coiled  in  a  single  i)lane,  with  a  (faring 
montii.  which  bears  a  ntitt'li  t)r  sinus  in  the  center  t>f  the 
outtT  liji.  This  notch  is  continued  backwards  in  a  revolving 
band,  of  varying  strength,  while  the  concentric  growth-lines 
make  a  sharp  ifentrant.  The  inner  lip  is  thickened  and  ex- 
])an<l('{l  on  the  iiirolled  spire. 

BKi.i.i:itni'noN-   i'ATri.i:s.     Hall.     (Fig.  211.)    (Pal.  X.  Y.. 
Vol.  v..  Pt.  II..  p.  100,  Pis.  XXIl.,  XXIV.) 
IHstiiiwiii''liinf,^('hi>racteiir!.—i^uh-f:]ohose,  ventrieose  form : 
small  nmhilicus.  closed  before  reachuig 
center;     abrnptly    and    widely    dilated 
ajierture,  semi-circular  in  outline;  Hat- 
tened,  broadly  sinuate  lip;  refle.Ked  inner 
lip.    which    e.stends    over    and    pai-tly 
lfl^,'^r■"'h,>l■>^l"'i""■'''^"■     covers  the  pi-eceding  voluticms,  forming 
''"'■"' '"''"'' """  ■  a  thickened    pustulnse    '"  callus  " :   con- 

centrif-  strifv;  strong  concentric  costa-  on  the  inrolled  por- 
tion of  the  shell. 
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Foiiiiil  '••  •  •  in  the  noft  Calcareous  shales,  on  the  Shore 
of  Lnke  Krie,  at  Eighteen  Mile  Creek."    (Hall.) 

Itivi.i.KHoi'iioN  i.EDA.    Hall.    (Fig.  212.)    (Pal.  N.  Y.,  Vol. 

v.,  rt.  ii.,i>.  no,  PI.  xxiii.) 

lUiitinfiuishing  Characters. —  Sub-globose  outline,  slightly 
Hnttcnotl  on  ba«k;  rapidly  expanding 
l)0(ly-\vhorl;  wide  aperture;  abruptly 
spiftuling  peristome,  broadly  sinuate 
and  notched  in  fi-ont;  reflexed  inner 
hp.  extending  in  a  callus  over  the  pi-e- 
ceding  whorl;  strong  revolving  strise, 
alternating  in  size;  finer,  nub-equal, 
thread-like,    eaneellating,    concentric     vm   ai»    BeUa-ophon  ttda 

o    ^4.         1  1-    1.4.1       <"""H«I1> 

strin';  mirrow,  flattened,  or  slightly 

concave  revolving    band,   UHuaily    marked    by  several  fine 

revolving  Ktriip. 

Kouiiil  in  the  Khales  below  the  Trilobite  beds,  and  in  the 
rieurodictyum  beds  (rare);  Stro])halo8ia  bed,  in  Avery's 
Cit-ck,  and  on  the  Lake  Shore  (common,  though  usually  com- 
pi-essed  | ;  also  in  the  Transition  shales,  twenty  feet  below  the 
Str-oplialosia  bed,  in  Erie  Clitf  (rare). 


('[.ABU   PTKItOPOnA.     Cl'vii;i{, 

Ttie  ptcropoila,  orsca  biiltertlics.Bn.' peUi(,'ic 
nniiiiiilH,  (iflen  fQiind  in  vast  numbers  swlm- 
juitiLT  tii-Rr  tliG  surface  <if  the  water  aft«r  dark. 
TIiiiukIi  frequently  naked,  a  large  Qumbcr 
bear  mure  or  less  transparent  sliells.  wliicli 
are  very  variable  in  outline.  Tlic  shells  are 
often  found  in  vast  quantltlcB  on  the  ocean 
lliHir.  coHsliluting  "pteropod  oozes." 

Tbc!  bciid  of  tlie  pteropod  ia  indistinctly 
di-Mtu-d.  llie  eyes  arc  rudimentary,  and  tile 
font  JH  represented  by  two  lateral  fln-likc  or 
wing-like  npjicndagea,  near  the  head;  the 
iHHly  is  Ktrulglit  or  variously  inroUed,  Fig. 
2l;i  siliow.s  n  modern  pteropod  with  shell. 


Fia.  lis.  SIvlioln  rccla. 
LeHueur.  Ki^cent  tiift«r 
Adams.  Crom  Zltlell.    This  is 

IslHl  to  the  most  mbunJanC 

Stjfilolma  fiti^irella. 
(«/i> Shell;  (/)inodine 


f)  tnodined  foot. 


Genus  STYLIOLINA. 
[Ett.  :   DimiDutive  of  the  rece 


KAHPINSKy. 

t  genua  Stjltola.] 


(1884  :  Die  fossilen  Pteropoden  a 
St.  Petersburg,  ' 


1  Oatabhange  des  Uralg.    Mem.  de  I'Acad. 
ii8er..T.  XXXII.,  No.  1.) 


1,  214.     Sh/Uolina  fiittirella. 
iKDient  of  Blate  vifli  numer. 

Us,  x8.  and  a 

ilargrd  (arutr  H 


Sliells  Binall,  neetlle-shaped,  with  a  circular  transverse  sec- 
tion. The  apex  is  solid  and  UBuaJly  bulbiforni,  and  the  sur- 
face is  smooth,  with  only  fine  lines  of  growth. 

Styliolina  FisBtitEi.LA.  (Hall.)  (Fig.  214.)  (Pal.  N.  Y., 
Vol.  v.,  Pt.  II.,  p.  178,  PI.  XXXI.) 

Distinguitihiiig  Characters. —  Smull 
size ;  needle-like  form ;  minute,  of- 
ten bulbiferous,  apex;  trans vei-se 
\  \.  ^iTSU  9  ^"^  sometimes  longitudinal  atria?; 
1  ^  «lfc,%T»  H  sharply  depi-essed  central  frnctui-e 
line  in  all  the  compressed  siiecimens. 
Found  everywhere  in  the  rocks  of 
this  region;  especially  abundant  in 
'.  the  lower  Genesee,  where  these  shells 
make  up  the  Styliolina  limestone; 
also  abundant  in  the  JIarcellus  shale,  on  the  Lake  Shoi-e 
(not  observed  in  the  Kncrinal  liTiiestone). 

Styliolina    si'r-a.     (Hall.)     {Fig.  2I4A.) 
,r«  (I'jil.  N.  v.,  Vol.  v.,  Pt.  II.;  supplement.  Vol. 

ll  VII.,  J).  7,  PI.  CXIV.) 

if  DiHthif^uishing    Characters.  —  Greater    size 

a  nnd  moi-e  robust  form  than  S.  tiasiireUa  ;  ab- 

B  sence  of  indications  of  annulations  or  apical 

•  node. 

Fio.  S14A.  stgu.^      Found  in  the  Hamilton  shales,  at    ■  Hain- 

liiiatpiea.x  Hatter    ,  i>    -     i .  j.      ii      ,  1 1     n    i 

Hall).  burg,  Lne  (ounty.      ( Hall.  | 

Ui:.vrs  TENTACULITES.    Sen  loth  eim. 

[Ett.  :    Ttnldcul'im,  feeler  ;  (i(Ao»,  stone] 
(1820  :  Sclilotlieini  Petrefactenkunde,  p.  337.) 
.Shells  straight,  elongate,  attenuately  conical  tuben,  their 
surfaa'S  marked  by  strong  rings  or  annulations,  which  are 
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closely  arranged  near  the  apex,  and  more  distant  and 
stronger  near  the  mouth.  •  Fine  transverse  and  rarely  longi- 
tudinal strijB  are  present. 

Textaculites  bellulus.    Hall.    (Fig.  215.)    (Pal.  N.Y., 
Vol.  v.,  Pt.  II.,  p.  169,  Pis.  XXXL,  XXXI.A.) 

Distinguishing  Characters,  —  Elongate 
conical  form,  becoming  cylindrical  towards 
the  mouth;  apex  attenuate,  with  close 
acute  annulations,  the  extreme  portion 
apparently  smooth;  annulations  acute, 
interspace  rounded,  with  concentric  stria*. 

Found  in  the  upper  Moscow  shales,  at 
Section  2  (?);  in  the  Stictopora  and  De- 
inissa  beds,  at  Section  5  (rare) ;  five  to     fio.  216.  Tentacuiues 
fourteen  feet  below  the  Encrinal  limestone,  Haii). 
at  Section  7. 

Textaculites  gkacilistriatus.    Hall.    (Fig.  216.)    (Pal. 
N.  Y.,  Vol.  v.,  Pt.  II.,  p.  173,  Pis.  XXXL,  XXXI.A.) 

Distinguishing    Characters, —8x11011   size;    general  resem- 
blance to  S,  fissurella;  sub-equidistant  annulations,   with 
wider  interspaces;  smooth  apical  portion; 
continuous  fine  longitudinal  stride,  invisible 
to  the  unaided  eve. 

Found  in  the  upper  Moscow  shale;  especi- 
ally abundant  two  feet  below  the  Styliolina, 
at  Section  3 ;  rarely  in  the  Demissa  bed  four 
feet  below  Styliolina,  at  Section  6;  in  the 
upper  Trilobite  beds  and  associate  shales  ^^^  ^^^  Tentacu- 
(rare) ;  in  the  Transition  and  upper  Marcel-  \i^X  e^Keu'lSfter 
lus  beds,  on  the  Lake  Shore  (common).  ^^^■' 

Gexus  COLEOLUS.    Hall. 

[Ety.  :    Koleos,  she&ih.] 
(1879  :  Pttl.  N.  Y.,  Vol.  V..  Pt.  IL,  p.  184.) 

"Shell  tubiforra,  extremely  elongate  conical,  straight  or 
slightly  curved,  comparatively  thick;   inner  walls  smooth. 
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Fio,  217.  Coleolua 
tenuicinctum  (after 
Hall). 


Surface  marked  by  annulating  strisB  or  rings, 
which  are  more  or  less  oblique,  or  sometimes 
rectangular  to  the  axis;  sometimes  longitudi- 
nally striated." 

COLEOLUS  TENUICINCTUM.   Hall.    (Fig.  217.) 

(Pal.  N.  Y.,  Vol.  v.,  Pt.  II.,  p.  185,  Pis. 
XXXII.,  XXXII.A.) 

Distinguishing  Characters.— hongy  taj>er- 
ing,  conical  outline,  with  the  diameter  of 
mouth  6  mm.  in  a  specimen  75  mm.  long; 
concentric  or  oblique  striae,  sinuate  on  one 
side;  interrupted  longitudinal  striae. 

Found  in  the  Nautilus  bed,  on  the  Lake 
Shore  (rare). 

CoLEOLUS  (?)  GRACILIS.    Hall.    (Fig.  218.) 

(Pal.  N.  Y.,    Vol.  v.,  Pt.  II.,  p.  190,  PI. 
XXXII.A.) 

Distinguishing  Clmracters, —  ^  ^  Form  ex- 
tremely attei\uate,  slightly  curving,  elongate, 
cylindro-conical,  tubular;  shell  compara- 
tively thick;  surface  unknown,  but  ap- 
l^arentlv  transverselv  striate." 

A  specimen  agreeing  with  this  descrip- 
Fio.  218.    coieoius   tiou  was  fouud  iu  the  Demissa  bed,  at  Sec- 

{f)  gracilis     A  speci-        .  ^ 

men  from  the  Demissa     tlOU  i). 
bed,  natural  size.  (Ori- 
ginal.) 

Genus  CONULARIA.    Miller. 

[Ety.  :    Connlus,  little  cone.] 
(1821:   Sowerby's  Mineral  Conchology,  Vol.  IIL,  p.  107.) 

Shell  elongated  ])yrainidal,  with  the  transverse  section 
v^arviii*;- from  qna(lraii<i,nlar  to  octagonal.  Angles  indented 
bv  loimitudinal  m-ooves.  The  surface  is  variously  orna- 
mented  bv  transverse  or  reticulating  stria*.  Near  the  aj)ex 
the  shell  is  fui-nished  with  a  transverse  septum. 

CoNL'LAiaA  uxDi'LATA.  Courad.  (Fig.  219.)  (Pal.  N.  Y., 
Vol.  v.,  V\.  11.,  p.  208,  Pis.  XXXIll.,  XXXIY.) 


Dintingtiish- 


each  face ;  fine  ""'" 

transverse  Hurfnce  HtrifP,   slitrlitlv 

(leHected   fit  the    iiiediiin   fjroovf, 

iiiul  croHsinp;  the  uiinles;  pnntu!oBc 

or  crenulate  tharfurter   of   strin-; 

Hmooth  int*>r8triate  Bpaees,  wliicii 

are  about   twice  as   wide  an   thi- 

strioe.    In  external  molds  theHtrin^ 

will    be    i-eprescntod    by   luirrou 

grooves,  in  which  the  pustnlowe  oi- 

erenulate  character  appears,  sep-     pi,,.  jig.  (■>^Z,>larhl  aK,i'iiaiii 

arated  by  wide  fiat  ridj^es,  which  ^■■|"™|"'»<'<""'''Hhiii. 

represent  the  wider  smooth  interstriiite  spnces. 

A  frn^nient  of  an  external  mold  wan  found  between  four- 
teen and  twenty-tliree  feet  bt'low  the  ICncrinal  linieBtoue,  at 
Section  7. 

Class  Cepiiai.opuha.    Civiicr. 

Tbe  cephit1npo<ls  ure  the  most  higlily  developed  inolliist^.  possesalng  ii 
dUtltict,  weli'de&ned  lieHd,  a  civulo  or  eight  or  more  muu  surrounding 
tlio  mnutli  mill  gi-nvrall;  furnisbed  willi  suckers  or  liooks.  u  fu nil fl- like 
" hypmumie"  or  swimming  orgnn,  and  a  hi glily -developed  nervous 
system.  The  majority  of  moderu  genera  are  unkud,  or  wiih  only  u  rudi- 
mentary internal  sliell  (squids,  cuttle-flsh,  etc.).  Nautilus  is  Hie  only 
modem  genus  with  a  typical  external  shell. 

The  slielis  of  cephalopods  are  clianibercd,  I.  e.,  iHvldeil.  by  a  series  of 
transverse  floors  or  upta,  into  air  ckavtlm-i.  Tlio  lust  or  licing  cliatiilmi- 
lodges  the  animal.  The  septa  are  pierced  by  a  corresponding  series  of 
holes,  wliich  are  often  prolonged  backwsrds  or  forwards  iiitu  Hphtiiiat 
fitnneU,  the  whole  constituting  the  tiphunfle.  The  line  of  Junction  be- 
tween tlie  septum  and  the  shell  (the  miture)  Is  either  sirnplu  or  complex, 
ami  Is  best  shown  when  the  shell  has  been  removed,  after  the  chumbcrH 
have  been  fllled  up  by  foreign  material,  a.  condition  commonly  realized 
in  fossil  forms. 
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In  the  Nactiloidea,  the  sutures  are,  as  a  rule,  simple  or  but  slightly 
lobed,  and  the  siphuucle  is  commooly  central  or  excentric,  but  seldom 
marginal,  with  the  funnels  generally  directed  backwards.  The  embryonic 
shell,  or  protoconch,  is  rarely  retained. 

In  the  Ammonoidea,  the  sutures  are  lobate  to  highly  complex,  with  for- 
ward-bending saMlea  and  backward-bending  lobes,  both  often  highly 
compound,  usually  with  a  ventral  or  siphonal  lobe  marking  the  position  of 
the  marginal  siphuncle.  The  siphonal  funnels  are  commonly  directed  for- 
wards. A  globular  or  egg-shaped  embryonic  chamber,  or  protoconch,  is 
generally  retained.  The  position  of  the  hyponome  variously  influences 
the  form  of  the  aperture  and  the  character  of  the  ornamentation  in  the 
Ammonoids  as  well  as  in  the  Nautiloids. 

The  shells  of  cephalopods  are  either  straight  (more  or  less  conical)  or 
variously  curved  and  coiled  to  close  involution. 

Note. — The  anatomy  of  modern  cephalopods  is  treated  of  in  text- 
books of  zoology.  A  detailed  description  of  fossil  genera  will  be  found 
in  Hyatt's  "Genera  of  Fossil  Cephalopods"  (Proc.  Bost.  Soc.  Nat.  Hist., 
Vol.  XXII.,  1883).  A  detailed  classification  and  synopsis  of  families  is 
given  in  Hyatt's  article  on  Cephalopods,  in  Zittel's  "Handbook  of 
Paliuontology  "  (Eastman's  translation).  All  the  Ammonoids  noted  below 
are  described  in  great  detail,  and  with  especial  reference  to  their  stages  of 
development,  in  Clarke's  "  Naples  Fauna"  (16th  Ann.  Rep't  N.  Y.  State 
Geol.,  1898).  References  to  the  Palaeontology  of  New  York  are  made  in 
the  text. 

nautiloidea. 

Gkms  ORTHOCERAS.    BitKvxirs. 

[Ety.  :    0?7/(^«,  straight;    kernif,  \\ot\\.^ 
(1782:    Dissertatio  Physica  de  Polythalamiis.) 

Shell  a  .straight  conical  tube,  with  a  large  body  elianiber 
and  nuinerouH  air  chambers,  sepai-ated  by  convex  septa. 
Sutures  simple,  at  right  angles  to  the  long  axis  of  the  shell ; 
siphuncle  centi-al,  sub-central,  or  excentric,  cylindrical  or 
sometimes  widening  in  the  chambers.  Surface  smooth  or 
variously  ornamented  by  transverse  or  longitudinal  stria*, 
or  bv  annulations. 

OirrnocKiJAs  krii.nsk.  Hall.  (Fig.  220.)  (Pal.  N.  Y.,  Vol. 
v.,  Pt.  11.,  p.  274,  PI.  XL.) 

I)istini»iusliiu<»'  (liaracters. —  Large  size;  straight,  robust 
foi-m,  regularly  enlarging  to  the  slightly  contracted  aper- 
ture*;   circular  cross  section;    apical    angle,  eight  degrees; 


I 


living  chanib«!r  twice  as  long  as  its  median  diameter; 
nieroue  regular  air  chtimberH ;  thin,  Hmootli  septa,  i^oncavity  I 
equal  to  an  arc  of  116  degrees :  large  atraight  central  cylin- 
drical  Biphuncle;   concentric  and  longitud- 
inal strifv. 

Found  "in  the  Hamilton  group,  on  Lake  1 
Ei-ie  Shore    •    '."    (Hall,  type,  I 

Ortikkkhas  subulatum.     Hall.     (  Fig. 
221.)     (Pal.  \.  Y.,  Vol.  v.,  Pt.  II.,  p.  283,  J 
PIb.  XXXVIII.,  LXXXIV.,  LXXXVI.) 

Distiuffuisbing   Characters. —  Straight,  | 
regularly  expanding  subulate  form ;  circular  I 
cro88-iiiection;  sub-cen- 
y.  ^M     tral  Hiphunole;    living 

f*  chamber  thi-ee  times  aH 

long  as  its  basal  diiinie- 
ter;  thili.BUiooth  sfpta, 
with  eoncuvity  equal  to 
an  arc  of  about  125  de- 
grees. 

Found  in  the  upper 
Moscow  slinle,  two  feet 
from  the  toj),  at  Section 
2  (rare);  in  the  Encri- 
nal  limestnue,  at  Sec- 
tion 5  (rare) ;  three  feet 
below  the  Encrimil  liuie- 
Btune,  a  t  Section  (i 
(rare);  and  in  the  Stro- 
^unde  crftia- H»ir;.  phalosia  bed,  in  Avery's 
Creek  (common). 

Ortikh'erab  KxiLi:.  Hall.  (Fig.222,)  fio.  ssu.  orthoMnu  m 
(Pal.  N.  Y.,  Vol.  v.,  Pt.  II.,  p.  290,  Pis.  [J™j^'^7^'^  ,^^'^™^ 
XXXIX.,  LXXXIV.,  LXXXV. ) 

Distill/Dishing  Characters. —  Straight,  slender,  regular! j  | 
enlarging  form,  with  circular  crOBS-section,  and  apical  ai^le  I 
of  five   degrees;   concavity   of    septa    equal   to   depth    of  I 


Fio.  8S9.  Orthoa- 
ta>  telaiaon.  The 
lliins  cbBmbpr.  with 
one  Kir  chumber  at- 
tavhcd.   >ticl    bnsal 


^^^^^^^^^^^^^2Ri^^^^^^^ 

^H 

H      chamber;   living  clutirilitT  uuirv  tlian  tliife  tinit 

H  as  long  as                ^| 

H     ita  busal  iliiiineter;  Bipliiiude  (ine-third  the  (Humeter  of  the              | 

1            Jf^^        '^''^"  ^''""'  ^''^  "lai'giii- 

■ 

I         ^^f^           Found    in  the  "Hamilton 

1^^         1 

I           y'-'     &,      {^nnqi.  on   the  south   Shore  of 

W^m      m 

1           iiimfcM     Uik<'  Ki'ie"  (Hall);  <lDi]htfiilly 

r^       1 

B          HMm     ill  null  nliovti  the  Moiliomorphn 

%-'  m       1 

■         flli     ^'<'- 

Mi          1 

^P         ^^^^H         Ohtii(>i-i-:i{ah 

E3       J 

™          ^HH     ^""'    'Fif,'-^3.)     (I'nl,  X.  Y,. 

L^          ■ 

^^H     Vol.  v..    Pt.    II..    p.    291.    V\. 

^Hf 

■B     ]>XXXV.) 

=== 

^L            ^Kh^H          Dihtinfr\iieihinfr    fharactoiti. — 

_           _|_||_     j|^^uj^|.|^.^^^  ^rrmlualiypnlur^- 

H            ^^^^B     i"^*^"'*^!  cinrnlnr  (.Toss-Nectton  ; 

H            ^HV^     upical  nng1(?Foiir<legi-eci^;  cylin- 

1             Bm     drical    living'    (.-h timber    about 

^, 

H               Jimf      three  timeH  as  loti^aH  ittn  ba^al 

■               bSmF      diameter:   depth  of  uir  cham- 

^ 

H                ^^y        Iters  5  mm.,  whei-e  diHineter  of 

*                                ehell  iH  9   mm. :    concavity  of 

, 

_______      nepta  efpial  to  an  arc  of  about 

]"' 

|Ml^|l>Lyi{J      110  degrees;  large  excentric 

l^l^fl^^i     siphuucle,  Il-hs    than    one-third 

I||||HH     diamet^-i-  from  the  mar{>in. 

Ru^|[i|jN          Found  in  the  Knerinid  lime- 

■■■■nn      stone,  at  SfCtion  ">   (nu-e,  and 

L^ 

rZ'"nn!'/am'''sZa-    f>OI»ewhat  douf)tful  |. 

^     iSn'oT  iCHrlil^       Oi{TiicK|.;i{A«     Aii.A.v.     Hall. 

'  •) 

m     e„i«nc«uat..rH.u,.  (Fig.224.)  (I'al.N.Y..Vol.  v.. 

T~M             ■ 

■    It.  n.,  p.  29.'i,  Pl.LXXXIV.) 

'*  JF           1 

^M       Distinfiimbinfi  r/iamcfer*.— Slender,  very 

%W           ■ 

H    gradually  enlarging  tube;  numerous  regiihir,  , 

Fin  m>A.  Ortho-                      ^M 

H    low,  rounded,  tmusverse  surface  ndges,  about  \ 

E."S"S.       1 

H    twelve  in  the  sjiace  of  10  mm.,  witli  regularly 

I 

H    concave  interspaceB,  equal  in  width  to  the  ridges 

;  fine,NhiLi-p               H 

^B    loiigitudinul  striu?. 

^ 

Mir  1 
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iipdii  ti  (■(in)|in>HHf(l  rriifrnieiit  "from  the  shales  of 
IniiiilliiiiKr<ni)i,iitlln.iiilnirj!, Erie("ounty,N.Y."  (Hall.) 

OUTIIOCKUAH  .\r.NTlUM.  Hall. 
(  VifT.  Ii25.)  (  Pal.  N.  Y.,  Vol.  V.,  I't. 
II..  [).  liiM),  Pl8.  XLII!.,  LXXXII.) 

liintinfrtiishiuf>  Characters. —  R^jti- 
larly  am)  rapidly  enlarging  tube: 
Hulwiinilar  trannverse  section;  api- 
('111  angle  al>i>at  nine  degrees:  nu- 
nioroiiti  n^ular  air  chambers.  2  mm. 
(liH'p,  where  diameter  is  10  mm.: 
septal  cuni-avity  greater  than  depth 
of  chandMTs;  milMvntrol  siphuncle: 
iniiaerons  n>gnlar  horiEontal  annii- 
liitioiis:  n^nlar  longitudinal  ^tri;^•, 
and  (Mnfeatric  lines  of  growth. 

Fiaiiid  in  ihe  Tri- 
loliito  lH>ds.  at  ??<>»- 
1  inn  S,  on  t  he 
l.ako  Shon'.  and  in 
.Vvorys  Tnvk;  Jils4^> 
in  the  sliaU*s.  Uvo 
lo  four  fii'l  U»lo\v 
ilio    Triloi.il..    U-^U. 


.  VKATIM.      H:lll. 
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Orthoceras  8P.  (Fig.  225B.)  (Pal.  N.  Y.,  Vol.  V.,  PI. 
LXXXVII.) 

A  macerated  specimen  of  an  undetermined  species,  from 
Eighteen  Mile  Creek,  Lake  Erie  Shore,  showing  the  effect  of 
compreKHion  in  the  soft  shales. 

Tlie  fi<^ure  is  reproduced  from  Hall. 

Orthoceras  constrictum.  Vanuxem.  (Fig.  225C. ) 
(Pal.  N.  Y.,  Vol.  v.,  Pt.  II.,  p.  288,  Pis.  LXXXIV., 
LXXXV.) 

Distinguishing  Characters, — Straight,  regularly  enlarging 
shell,  with  apical  angle  six  degrees;  circular  transverse  sec- 
tion; living  chamber  broadly  constricted  anterior  to  the 
middle;  numerous  regular  air  chambers  with  a  depth  of 
from  2  to  3  mm.;  smooth,  thin  septa;  central  siphuncle. 
Distinguished  from  O.  exile  by  its  more  closely  placed  septa, 
and  its  central  siphuncle. 

Found  in  the  Hamilton  group  of  Eighteen  Mile  Creek. 
(Coll.  Am.  Mus.  Nat.  Hist.  New  York.) 

Gkxuh  GOMPHOCERAS.    Sowerbv. 

[Ety.  :    OmnpJws,  club;  keras,  horn.] 
(1839:   Murch.  Sil.  Syst.,  p.  620.) 

Shell  straight  or  curved,  pear-shaped,  greatest  diameter 
in  Front  of  the  middle;  cross-section  circular.  Mouth  con- 
tracted, opening  by  a  T-shaped  aperture.  Siphuncle  cen- 
tral or  excentric,  sub-cylindrical  or  expanding  between  the 
septa  (inoiiiliform). 

Go.MPUocKKAS  MANios.  Hall.  (Fig.  22G.)  (Pal.  N.  Y., 
Vol.  v.,  Pt.  11.,  p.  339,  PI.  CXXIII.  Supplement.) 

Distiuiiuishing  Characters. —  Large  size;  fusiform  out- 
line;  <.';reateHt  gibbosity  at  last  septum;  regularly  tapering 
towards  both  ends;  large  aperture,  with  entire  margins; 
nenrlv  smooth  surface. 

Fonnd  *  *  '^\n  the  dark  Carbonaceous  beds  of  the  Gen- 
wee  slate,  south  of  Alden,  Erie  County,  N.  Y.''  (Hall, 
type.) 
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G  ()  M  [■  HO  (■  E  R  A  S    T.l\A  Tf.M. 

Hall.  (Fig.  227.)  (Pnl.  X.Y., 
Vol.  v.,  Pt.  II.,  p.  341,  PI. 
XCV.) 

/lintin^niishing  Charactent. — 
Large  size;  regularly  arciiate 
form;  broadly  oval  cross- 
Hwtion,  the  lateral  diameter 
loiigPBt;  one  side  (dorsal)  is 
coTicnve,  and  the  others  are 
tonvex,  the  longitudinal  nec- 
tioii  being  lunate;  large  liv- 
ing L'haniber,  with  the  great- 
est expansion  anterior  to  the 
last  septum ;  siphuncle  ex- 
pnndefl  between  the  septa; 
laniellose  lines  of  growth,  and 
distinct  longitudinal  striip. 

Found   in  the  shales  of  the 
Hiiniilt.on group, at  Hamburg, 
"   Erie  County,  N.  Y.    (Hall.) 


GiCM  s  NAUTILUS.    Brevxius. 

[Err,:  JVuMKiwi.  Mllor  or  navignior,] 
11783;    Dissert,    Pnljtii..  p.  11.) 

Shell  with  nmnerous  volutions,  coiled  in  a  single  plane. the 
volutions  contiguous,  the  Inter  ones  indented  by  tlie  pi-eeed- 
ing  ones.  The  septa  are  simple,  concave  upwards,  with 
simple,  arched  or  waved  sutures,  Siphuncle  central  or  sub- 
central;  lips  sinuous;  surface  smootli  or  variously  orna- 
mented. 

Xai  TiLrs  MACiisTEit.  Hall.  (PI.  XXVIIl.l  (I'al.  N.  Y., 
Vol.  v.,  Pt.  IL,  p.  422,  Pis.  LXIL,  CVIl..  CVllI.  | 

Dktiriffuisliing  Charat'tenf. —  Large  size:   transverse  and 

■ntroniorBal  diameter  about  as  eleven  to  twelve;  volutione 
Bibracing  to  one-third  the  diameter  ot  the  inner  conti^raous 


Pat,  ,  KmiiTFRX  Mii.r  CnFEit. 


NAUTILUS 


E  MAGISTElt. 
■Lakk,  EitiK  Co.,  S.  V 
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vohitioii;  narrow  II nd  profound  umbilicus ;  large  ventricose 
living  t'linnil»er;  very  concave  septa ;  large,  abruptly  expand- 
ing «ipliuncle;  concentric  and  radiating  linee,  and  obscure 
low  I'oiinded  nodes. 

Found  only  in  the  Nautilus  bed,  near  the  base  of  the 
Hnniilton  group,  in  Avery's  Creek,  and  in  Elrie  CliR. 

Naitii-ib  (CKXTitot'EHAH*)  maim:kllensi8.  (Vanuxem.) 
(Fig.  228.)  (Pal.  N.  Y.,  Vol.  V.,  Pt.  II.,  p.  428,  Pla.  LXV., 
(MX.) 

DisthtfiiiNhiiifi  Chitracters — Discoid    somewhiit  com- 
I     essed,  form; 
CO  tiguous,     but 
ot     embracing, 
olutions;    wide 
an  1  deep  nnibili- 
us,  exposing  en- 
t  e  lateriil    faces 
f  the  inner  volu- 
tons;  angularity 
of  margins   of 
olutions    giving 
a  sub-quadrangn- 
Ir        osstt  wejtl       ti'C'^fr        J,ad  stinet  angidnr 

saddle  un  the  unibiliciil  margin,  a  broa<l  shallow  lol)e  on 
the  lateral  face  of  the  voUition,  a  di^^tinct  angular  saddle 
on  tlie  outer  niai^iii,  and  a  rounded  lol>e  on  the  outer  face 
of  the  volution:  siphuncle  near  the  outer  margin  of  the 
volutions. 

Found  in  the  impure  liniefitone  band,  which  forms  the 
dividing  linoU'twivn  the  u|'i>er  .Martt'Ilus  and  the  Transition 
shales  in  Krie  Cliff. 

NoTK. — ThissjHH-ies  has  hiT('tofi>re  l*een  reconled  only  from 
the  (tuniatite    linu-stone.   whiiii    forms    the    dividing    line 

•  Oerinxvnu,  Hr»ll.  "ith-lwlw   IVvor.iiin    sj*iT«s.    with    luuoh   oim[>r»ssw.i    Kborla, 

A^^^rr,<a  oft^c  h^^l'vov,  t4>itwtiu;n  nanv*.  wi:b  i^ni'  r>iw-  of  lulvivli^  Alon^  ib^  ed^  of  tike 

AJt«^^c»rr  vc#i:her  »i£e :  clv^  w'tirer^  bare  dt-ep  V4hA|>e<l  ivntrft]  t<^l4^«,  ,l*^p  Ui«nl  v^A 

■-■u  j.-*»s :  &■  AT.Eu'.u'  V.iNw  ia  (pn.-ir<  ,>bawrTRl     Th^  .tor^um  i*  (nrqurtitly  ciMbmb.  and 

^1  \-7^y'r^9#i  t--^jt  i4tiT  in  Ibr  rnorr  L»m|v«s9ed  ftiht  mofv  iDTolule  f("KVS."    l^pe. 


Ho]     reduced 
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between  the  lower  and  upper  Marcellus  shaleH  in  ('entral 
New  York.  The  present  specimen  measures  a  little  over 
an  inch  in  greatest  diameter. 

AMMONOIDEA* 


GicNis  BACTRITES.    Sandbeugeu. 

[Ety.  :  Bnktron,  a  staff.] 
(1841 :   Leonh.  und  Bronn's  Jalirbuch,  p.  240.) 

Shell  long,  straight,  slender,  gradually  tapering,  round  or 
elHptical  in  cross-section.  The  siphuncle  is  thin  and  near 
tlie  margin.  The  sutures  have  very  gentle  lateral  curves  and 
a  funnel-shaped  siphonal  lobe.  The  protoconch  is  egg-shaped 
nnd  erect. 

B  ACT  KITES  (JKAciLioK.  Clarke.  (Fig.  229.)  (1898: 
iNnples  Fauna,  p.  124,  PI.  IX.) 

Distinguishing  Characters, — Section  of 
uncompressed  specimen  sub-circular;  depth 
of  air  chambers  decreases  relatively  from 
the  older  to  the  newer  parts;  septa  quite 
regularly  concave,  considerably  obli(iue, 
sloping  toward  the  dorsum;  fine,  con- 
centric, oblique,  closely  crowded  surface 
lines  on  the  young,  and  obscure,  broad, 
and  low  oblique  ribs  on  the  adult  shell,  all 
sloping  backward  to  the  dorsum;  fine 
vertical  sub-ecpial  lines  on  the  body  cham- 
ber, seen  only  on  well-preserved  specimens. 

r  or  discussion,  oi  the  development  and  (^raci/ioi.  internal  moid, 

,     ,  .  ,.    .  1  •  •  /  II       1      »  showing    septa   and   si- 

relations  or  this  species,  see  (.la rke  s  mono-  phonal   \o\ye,   enlarged 

^  (after  Clarke). 

graph,  refer rt»d  to. 

This  species  occurs  in  the  black  shale  of  the  Styliolina 
band,  at  Section  1  (replaced  by  iron  pyrites). 

Hactkiths  Acici'Li'M.  (Hall.)  (Fig.  230.)  {Coleolus 
nciriihim.  Hall.  Pal.  N.  Y.,  Vol.  V.,  Pt.  II.,  p.  187,  PI. 
XXXll.A.) 


yi^ 
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Fia.  230.  BactriteH 
aciculum.  A  eniahed 
and  flattened  speci- 
men. reduce<l  (after 
HaU). 


I)istinf(inshing  Characters,  —  "Fossil  ex- 
tremely elongate  cylindro-conieal,  having  in 
the  larger  specimens  a  diameter  at  the  base 
(in  its  flattened  condition)  of  about  7  mm., 
with  a  length  of  more  than  three  inches, 
becoming  extremely  slender  and  attenimte 
towards  the  apex/' 

Found  in  the  Goniatite  limestone  of  the 
lower  Naples  shale,  usually  in  a  compressed 
condition,  at  Sections  1  to  3  (rare) ;  lower 
Genesee  shale,  at  Section  1  (rare). 

The  section  of  this  species  is  more  ellip- 
tical than  in  the  preceding  species,  and  the 
protoconch  is  smaller. 


Gems  GONIATITES.    De  Haan. 

[Ety.  :    Oonia,  an  angle;  Hthos,  stone.]- 
(1825:   Monographiii?  Ammoniteorum  et  Goniatiteorum,  p.  159.) 

Shell  coiled  in  a  single  plane,  the  whorls  embracing,  and 
sometimes  dosing,  the  umbilicus;  sutures  zigzag,  with  for- 
ward-bending saddles  and  backward-bending  lobes.  Living 
chamber  long,  never  expanded ;  siphuncle  on  the  outer  side 
of  the  volutions  (venter)  marked  by  siphonal  lobes  and 
sometimes  saddles  in  the  suture. 

GoMATiTEs  (ToRNocEKAs*)  I'NiAXGULAms.  Courad.  (Fig. 
231.)  (Pal.  N.  Y.,  Vol.  V.,  Pt.  II.,  p.  444,  Pis.  LXXL, 
LXXIL,  LXXIY.    Clarke:  Naples  Fauna,  p.  Ill,  et  seq.) 

Distin/^'tiishin^  Chnvaeters, — Closed  umbilicus ;  sutures 
with  a  prominent  saddle  occupying  the  inner  half  of  the 
disc,  thenc(?  abruptly  recurving,  and  describing  a  some- 
what semi-elliptical  curve,  which  limits  the  deep  lateral 
lobe;    in  the  ventral  curve,  upon  the   peripheral   margin, 

♦Torn(M'frns  (Tlyatt)  "includes  species  which  ♦  ♦  ♦  have  compressed  whorls,  and 
annular  loh«*s  :  the  sutures  have  rounded  saddlers  on  the  venter,  and  rounded  lateral  lobes 
with  the  typical  niuKno-sellarian  saddles  of  the  family.  The  first  pair  of  saddles  have  no 
correspond iHK  saddles  on  the  dorsum,  and  the  annular  lobes  are  situated  immediately 
l>et\%'een  tin*  lar^e  dorsal  saddles,  corresponding?  to  the  magnosellarian  saddles.  The 
ventral  Irihes  an<l  sutures  in  the  larval  stages  are  similar  to  the  adults  of  Anarcestes.  The 
RtaK^'  at  which  the  ventral  snddles  are  in  a  primitive  condition  has  close  resemblance  to  the 
older  staK«^s  <»f  Parodlceras."    ^(}enera  of  toss.  Cephalopods,  p.  880.) 
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is  iiicliided  a  tlintinct  saddle 
of  sciiii-i' Ilijiticalform,  Bome- 
tiiiips  with  a  sub-acute 
apex  :  ventral  lobe  narrow- 
ly triangular,  ])enetrating 
about  one-third  thedepthof 
tlie  preceding  air  chaml)er. 

Found  in  the  Pleurodic- 
tvuni  beds  of  Wanakah  Cliff 
(rare). 

The  variety  ubesum, 
V 1  a  r  k  e ,  characterized  by 
"  niiifli  greater  thitkness  and  tumidity  ot  the  whorls,"  and 
tlic  vtiriety  rompressiim,  Clarke,  "laterally  compreKsed 
shells,  with  a  sub-angular  periphery,"  are  cited  by  Clarke 
from  Erie  County.    (Naples  Fauna,  p.  116.) 

The  former  occui-s  on  the  Lake  Shore,  and  the  latter  in  the 
ilainilton  shales,  at  Wende  Station.  (See  C.  E.  Beecher,  Am, 
.Tourn.  Sci.,  Vol.  XL.,  pp.  71-75,  PI.  L,  1890.) 

(JO.VIATITKM  (TOR.NOCKltA8)   Hir()STATL'8.     Hall.      (Fig.  2M2.) 

(I'al.  \.  Y.,  Vol.  v..  Ft.  ir.,  p.  450,  Pie.  LXXIL,  LXXIV. 
Clfiike:    Naples  Fauna,  p,  118,) 

lUstiiiffiiishitiff  Characters.  —  Discoidal  form  of  adult ; 
bi-oadly  con  vex  or  flat 
venter :  closed  umbilicus 
(only  in  last  volution); 
"iibout  the  ventral  periph- 
ery runs  a  pair  of  low  re- 
volving grooves,  one  on 
citlu'i-  side,  without  which 
arc  iJiHier  low  hypouomic 
ridges'":  surface  ornamen- 
tntion  of  concentric  lines, 
curving  l)roadly  ba<;kward  over  the  lateral  slopes,  sharply 
forward  on  the  hyponomic  grooves,  und  backward,  "in  a 
deep  liuguiform  festoon,"  on  the  venter;  lateral  lobe  of 
suture  Tuore  prominent  and  more  isolated  than  in  preceding 
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8i>ecie«.     (For    diHcusHion    of    the    immature    stages,     see 
Clai-ke's  Naples  Fauna.) 

Found  in  the  Naples  shales  of  Big  Sister  and  Farnum 
creeks;  and  on  the  Lake  Shore,  near  Angola.    (Clarke.) 

GoNiATiTKB  (PitoitKLOtKRAe")  HTHEKi.  Clarke.  (Fig. 
233.)  (Bull.  Kith  U.  S.  Geol.  Surv.,  p.  50,  PI.  U.  Clarke: 
Naples  Fauna,  pp.  90-102.) 
DistinfTumhing  Characters.  — "  Shell  widely  umbilicated, 
more  so  than  any  species  with  which  it 
is  associated  *  •  •.  Septa  numerous 
and  closely  appreesed  *  *;  the  sutures 
are  characterized  by  their  acute  loi>e8 
and  saddles;  ventral  saddle  very  umall, 
short,  and  very  slightly  roundetl,  the 
two  lateral  lobes  strong  and  acute;  the 
lateral  saddle  \ery  strong  and  acute, 
with  its  sides  somewhat  rounding;  the 
dorsal  saddle  well  defined  and  rounded, 
with  a  slight,  sharp  tarinal  lobe  •  •  •;  the  septa  are  so 
closely  crowded  together  that  they  are  very  nearly  parallel 
to  each  other  except  at  the  apices  of  the  lateral  saddles, 
wliei-e  the  dintani-c  Ix-tween  them  i.s  somewhat  greater  than 
elsewhere;  sui-face  markings  ♦  •  •  Htiely  incised,  equi- 
distant lines,  curving  gently  forward  as  they  near  the  dorsal 
surface  ■  *."  (For  a  discussion  of  the  imniaturestageM.etc, 
see  Clarke's  Naples  Fauna.) 

Found  in  the  Gonintite  conci-etions  of  the  lower  Naples 
shnle,  nt  Sections  1  to  4. 

GoMATm:s(OMi>i..\xATi>i.  Hnll.  (Fig.234.)  (Pal.N.Y., 
Vol.  v.,  Pt.  11..  p.  4.55,  PI.  LXX.) 

This  spevie.s  wns  orijfMiidly  described  in  the  Report  on  the 
Fourth  Geological  District,  from  u.  compressed  sijecimen 
from  the  Nfiples  shales  of  Cashnqua  Creek.     (Cljrmeiiia  (?) 

•rrohelweras,  C'ltirke.  IWK.  Naples  Fauna,  p.  90,  linx  thp  (ollowlnit  dlapiostfc  characten, 
diffprvnliaMiiK  1<  fmiti  oCher  UunWlbv:    "  DIbooIiIbI.  Inlfrfllly  conipivssed,  umblUcated 

acutf  1o1h«  ;  veutral  aait  suh-latnnU  Inbps  roumleil.   Karly  9UK«s  ahov  a  indual  dnliMloB 


coinplaniita.)  Nneiitui-eswere 
shown  in  the  original  speci- 
men, which  was  lost.  Sub- 
sequently the  species  was  re- 
despribetl  in  Vol.  V.  uf  the 
Pal)eont<jlogy  of  N.  Y.,  and  a 
number  of  Bpet-imens,  which 
Clai'ke  hH«  since  shown  to 
belong  to  different  species, 
^vere  referred  to  it.  The  gen- 
eral eharaeteriBties  of  these 
speciraenn  were  discoidal  form, 
wide  urabilication  and  fine 
concentric  ani-faee  striation,  features  chara*itori8tic,  accord- 
ing to  Clarke,  of  the  exterior  of  at  least  three  well-defined 
species  in  these  shales.  The  specimen  from  the  "Portage 
Gronp,  Eighteen  Mile  Creek,  Lake  ErieShoi-e,  N.  Y.."  figured 
on  PI.  LXX.,  Fig.  10,  Vol.  V.,  Pal.  \.  Y..  and  hei-e  repro- 
duced, probnbly  represents  a.  G.  lutheri, 

G c) Ni A Ti T E H  (Manticocekah")  intumewikxh.  IVyricli. 
{Figs.  235.  23fi.)  O. patersoni.  Hall.  (Pal.  N.  Y..  Vol.  V., 
Pt.II.,p.404,Pl8.LXXII.,LXXIV.  Clarke:  Naples  Fauna, 
p.  42.) 

DiHtinfiuisbiag  Charavters. — About  four  volutionw,  the 
outer  embracing  the  inner  to  one-half  or  more  of  tlieir  dorso- 
ventral  diameter;  moderately  large  umbilicus,  exposing  nil 
the  inner  volutions;  suture  forming  a  narrow  acute  lobe 
near  the  inner  margin,  then  a  broad,  oblique  semi-elliptical 
saddle,  a  second  nai-row.  elongate  acute  lobe,  near  the  outer 
margin,  and  a  narrow  obtuse  saddle  on  the  periphery,  with 
one  BideextremeJy  elongate,  and  the  other  very  short,  forming 


iiupmHed   uift   ofteu  ven'  LiivDlute 

-,    ....  clowat  gradBtionii  Inio  tanas  nitb 

aapcct  slmlUr  Ifl  that  at  AnarcvalAa,    Tbe  young  are 
epnrrDceriH.  tbe  BbdomeiiH  roiindiHl.  Ami  tbe   sldH 

.1.  _... .>  _  g  geuenU  aspect  b>  thooe  at 

bsxiine  more  decEdedlf  con. 


whorls,  which 

broad  whorla,  open  umhlllol. 
Invariably  lew  dlico"  ~ 
-twardl?- 


„ J.  -je  adult — 

Oeplvrocem.  but  the  septa  la  tin  oomprened  involute  fi . . 

Tex.  The  lobes  remain  rounded  until  later  Man*  at  the  |{roirt)i,  tlie  runnel  lum  ma  gnu- 
erallr  nnaller,  the  lartcer  lateral  ladrtlei  are  abo  more  pecBlatent  and  retain  their  forms 
DOcliBnged  erea  In  the  extreme  old  age  ot  (he  larEen  ipecimsiu."  (Oeorav  or  Fonll 
Oepbalopods.  p.  SIT.) 


^■ith  ite  matel 
froiij  tlie  oppo- 
site side  a  short  ] 
noite  siplioniil  I 
lot)e.  (For  dt*-  I 
velopraeiit  and  j 
(ietaile<l  discus- 
sion, see  Clarke's  ] 
Naples  Fauna. ) 

Found  in  the  j 
Goniatite  con- 
cretions of  the  I 
lower  Nnples 
shale,  (The 
identification  is 
not  w  i  t  li  o  u  t 
doubt. ) 
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GoMATiTEs  (Manticoceras)  RHYNCH08T0MA.  Clarke. 
(Figs.  237,  238.)  (Clarke:  Naples  Fauna,  16th  Ann.  Rep't 
N.  Y.  State  Geol.,  1898,  pp.  65,  69,  Pis.  IV.,  V.) 

Distinguishing  Characters. — Greater  size  than  in  preceding 
species  at  any  corresponding  stage  in  development ;  lateral 
slopes  more  convex,  venter  sharper  at  its  periphery.  Sutures 
as  in  G.  intumescens. 

Note.— The  following  figures  (236,  238,  240),  reproduced 
from    Professor    Clarke's    monograph,    and    representing 


Fig.  286. 


Fig.  288. 


Fig.  240. 


FiQH.  286,  288, 240.  Vertical  sections  through  shells  of  M.  intumescena^  M.  rhyncho8toma 
and  M.  aororium  (after  Clarke). 

vertical  sections  through  adult  shells,  will  show  the  char- 
acteristic differences  in  outline  between  this  species  and  that 
preceding  and  that  following  it. 

The  remarkable  specimen  figured  by  Clarke  on  Plate  V.  of 
his  Naples  Fauna,  and  an  outline  of  which  is  here  reproduced, 
WMS  found  Avith  others  (depicted  on  Plate  IV.)  in  the  Naples 
shales  of  Big  Sister  Creek,  near  Angola,  N.  Y. 

GoxiATJTEs  ( Manticoceras )  sororium.  Clarke.  (Figs. 
239,  240.)  (Clarke:  Naples  Fauna,  IGth  Ann.  Rep't  N.  Y. 
State  Geol.,  1898,  pp.  75,  76,  PI.  IV.) 
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Distill ffuishing  Characters. —  Ornamental  lines;  these  begin 
in  the  young  shell  as  strong  simple  varices, 
retaining  their  strength  through  the  third 
and  part  of  the  fourth  volution,  and  l>e- 
eoming  obsolescent  on  the  latter  part 
of  the  fourth  volution ;  on  the  ventral 
side  they  form  a  deep  and  narrow 
backward  loop,  curving  forward  on  the 
hyponomic  ridges,  and  backward  with  a 
broad  curve  on  the  lateral  slopes;  the 
difference  in  whorl-section  is  shown  by  a 
comparison  of  the  cross-sections  (Figs.  240,  238,  236); 
suture  and  umbilication  as  in  M.  ititiimescenB. 

Thin  s]iecies    *    *    "has  been  found  only  in  the  vicinity  of 
Angola,  on  the  Lake  Erie  Shore,  and  along  Big  Sister  and 
Farnham    creeks,     Erie    County." 
(Clarke.)    The  species  occurs  in  the 
Xnples  shales. 

G  O  X  I  A  T  I T  K  8       (  G  K  P  H  Y  R  O  C  E  - 

itAH*)  HOLZAi'FELi.  Clarke,  (Fig. 
241.)  (Naples  Fauna,  16th  Ann. 
Rep't  N.  Y.  State  Geol.,  p.  87,  PI. 
VII.) 

Distinfjiiishinff    Characters.—  Re- 
sembles J'.liitheriin  itscompressed, 
discoidal    whorls    and    flattened, 
grooved  periphery;  differs  from  it 
in  being  more  widely  umbiliea.ted, 
nnil  in  having  the  lateral  saddles 
f,i_  and  Hublnteral  lol)e8  obtuse,  a  eon- 
fllf  <lition  characteristic  of  the  younger 
'"^  stagi's  of  P.  lutheri. 


S^'Sr^ 


ill  Ibrirnpim  umbltiui,  •oii»pt  In  the  nuMt  in 


lie  Hlofcf  iif  Ktmith.    The  larttr  iabTal  luulilh^ 

V  Utp  ntfp-  In  nullcal  itpwl™,  ha™  no  correBiiondliiK 

twn  minute  hsiIiIIfs  In  tlie  iloTHal  lol>e.  on  eittwr  Me 

flcntTB  of  FoshLI  Ceplialnpods.  p.  S16.> 


Miiia]  youDft  nbpria,  vlth  broad 


■    The  depth  oL 

-n  line  reoutlDR  con- 
-med.  and  UDtU  • 


indlnK  dona]  Bsddlea ;  thew 


A  single  specimen  was  found  by  Dr.  D.  F.  Lincoln,  at  Sec- 
tion 1,  Eighteen  Mile  Creek.  It  probably  came  from  the 
lowei-  Naples 


Class  Crustacea.    Lamarck. 

Order  Ostracoda.    Latr. 

Tlie  oatracodB  are  small  cmsUcea.  with  a  blvaWe  calcareous  or  horiij 
sliell  covering  the  entire  body.  The  values  are  joined  dorsally  by  a 
membrane,  and  Open  along  the  ventral  side.  The  body  Is  Indistinctly 
sL-gmented,  and  bears  seven  pairs  of  appendages,  two  pairs  of  which 
represent  the  trunk  limbs.  The  shell  corresponds  to  the  carapace  of  the 
higher  crustaceans.  These  organisms  are  minute  and  will  ordinarily  be 
i>vt;rlooked,  uoleas  search  is  made  for  them,  with  a  leas,  on  the  surfaces  of 
the  shale  lamlore.     They  are  especially  abundant  in  the  finer-graiued 

Note. — The  anatomy  of  modern  Ostracoda  should  be  studied  with  the 
:iiil  of  the  current  text-books  of  zoOlogy  or  anatomy. 


Gknls  PRIMITIA.  Jones  and  Hall. 

[Ety.  :  Pn"mi(i"«,  first  of  the  kind.] 
a@05:   Ann.  and  Mag.  Nat.  Hist.,  3d  8er.,  Vol.  XVI.,  p.  415.) 

Caiiipace  minute  with  the  valves  equal,  convex  and 
ohiong:  hinge  line  straight ;  surface  of  each  valve  impressed 
clorwnlly,  either  at  or  anterior  to  the  middle,  by  a  vertical 
Kulcuw  of  variable  size. 

Tiii-MiTiA  SEMiNULLM.  Jones.  (Fig.  24-2.)  (Ann.  and 
Miig.  Xiit.  Hist.,  Ser.  V.,  Vol.  XVH.,  p.  413,  V\.  XIV.) 

Ih'stiiif^iishinfiChaructei's. — Convex,  almost  symmetrically 
senii-rii-(MiIar    outline;    dorsal    sulcus 
alnuisT  central,  extending  across  one- 
thiiil  tlif  width  of  the  vnlve,  or  more; 
surliicr  i-learly   iind  elegantly  reticu- 


J'oinid  in  the  Encrinal  limestone, 
nt  I'"iglitei'n  Mile  Creek,  Lake  Erie  ^,3  j,j  prtmiim  wminu- 
Shoi-e.  (.Jones:  Quart,  .rourn.  Geol.  Swdi^Jt^TafSlr^Jon™" '"  ""^ 
S..r.,  Vol.  XLVI.,  p.  5.) 
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Genus  PRIMITIOPSIS.    Jones. 

[Ety.  :  Derived  from  Primitia.] 
(1887:  Notes  on  some  Silurian  Ostracoda,  from  Gothland,  p.  5.) 

Carapace  bivalved,  resembling  Primitia  externally,  except 
that  the  anterior  end  has  a  specially  smooth  area  cor- 
responding to  an  internal  portion,  which  is  partitioned  off 
from  the  rest  of  the  cavity  by  a  cross-wall. 

Pkimitiopsis  prNCTi'LiFERA.    (Hall.)    (Fig.  243.)    [Leper- 
ditia  punctulifera.    Hall:  13th  Ann.  Rep't  N.  Y.  State  Mus. 
Nat.  Hist.,  p.  92.) 
Distinguishing  Charactei>i. —  Sub-cylindrical  outline;  sub- 
equal    rounded    extremi- 
ties;   surface  with   three 
small   smooth   tubercles, 
and   a  reticulated  mesh- 
work,    which    gives    the 
appearance   of    minute 
pits,  and  dies  out  at  the 
ends;    meshes   more   din- 
tinct  around  central  tu- 

Fio.  243.    Primitiopsis  punctulifera.     A  young   ■»  i 

left  valve  ;  lateral  and  eage  views  of  a  left  valve,    UerCie. 
X  25  (after  Jones).  -r^  i  i  . 

lound  commonlv  m 
the  Lower  shales,  at  Sections  5  to  8;  and  on  the  Lake 
Shore. 

Gkni'k  ENTOMIS.    Jones. 

[Ety.  :   Entmna,  cut  in  two.] 
(1873:   Aun.  and  Mag.  Nat.  Hist.,  Ser.  IV.,  Vol.  XL,  p.  413.) 

Carapace  ovato-obh)njj:,  bean  shaped,  rounded  at  both 
ends.  Valves  ecjual,  indented  by  a  vertical  sulcus,  which 
begins  at  about  one-third  the  length  of  the  valve  from  the 
front,  and  (»xtends  about  half  Avay  across  the  valve.  There 
is  often  a  spine  or  tubercle  in  front  of  the  furrow. 

Entomis  iniOMBoiuEA.  Jones.  (Fig.  244.)  (Quart. 
Journ.  Geol.  Soc,  Vol.  XLVL,  p.  10,  1890.) 
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Distinguishing  Characters. —  R  h  o  ni  - 
boidal  outline;  Htraight  upper  and  lower 
margin;  obliquely  rounded  ends;  flat- 
tish  surface;  numerous  strong,  longi- 
tudinal, inosculating,  raised  striae,  or 
thin  wrinkles  with  a  tendency  to  be- 
come concentric. 

Fio.  244.    Entomia  rfiom- 

Found  at  ^*  Eighteen  Mile  Creek,  Lake  boidea,    LAter&i  and  edge 

^  '  views  of  a  left  valve,  x  26 

Erie  Shore,  N.  Y."    (Jones.)  (after jones). 


Genus  STREPULA.    Jones  and  Holl. 

[Ety.  :   Dimin.  of  Strepa,  a  stirrup,  loop  like  pattern  of  ridges.] 
(1886:   Ann.  and  Mag.  Nat.  Hist.,  Ser.  V.,  Vol.  XVII.,  p.  408.) 

Carapace  with  slightly  convex  valves,  sub-oblong  with 
rounded  unequally  curved  ends.  Surface  with  narrow  con- 
centric or  irregular  ridges  running  into  the  slightly  thickened 
dorsal  margin.  The  intervening  furrows  form  broad  valleys, 
and  a  sub-central  tubercle,  or  even  a  lobular  swelling,  is 
Honietimes  present.  The  chief  ridge  is.a  free  supra-marginal 
lamina,  standing  outwards  and  downwards,  and  hiding  the 
real  marginal  edge  in  a  side  view.  Edge  view  narrow  ovate, 
cross-barred  at  the  sides  into  straight  and  parallel,  and 
oblicjue  and  divergent  ridges. 

Stkepula     sigmoidalis.      Jones.     (Fig. 
Quart.  Journ.   Geol.  Soc,   Vol.  XLVI., 
p.  11.) 

Distingiiisliing  Chnracters. — Acute, 
sub-ovate  outline,   with  straight  hinge 
line;  sharp  anterior  and  rounded  pos- 
terior  end;    sharp    I'idge   bifurcating   forward,    the   upper 
brancli  forming  a  sigmoid  flexure. 

Found  in  the  *^ Hamilton  group,  at  Eighteen  Mile  Creek, 
Lake  Erie  Shore,  N.  Y."    (Jones.) 

Stukim  LA  PLANTAms.  Joucs.  (Fig.  246.)  (Quart. 
Journ.  Cieol.  Soc,  Vol.  XLVI.,  p.  540,  PI.  XV.) 


245.)     (1890: 


Fio.  245.  StrepiUa  >ia- 
moidalis.  I^ft  valve,  x  85 
(after  Jones). 
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Fig.   246.     Strepula  plantarit.     Interior  and 
exterior  of  a  left  valve,  x  25  (after  Jones). 


Distinguishing  Charac- 
ters,— Some  vv  hat  sole- 
shaped  outline;  semi-cir- 
cular in  front,  obliquely 
rounded  behind ;  broad 
hinder  end,  with  thin  flat  lip-like  marji^n,  bearing  about  ten 
obscure  shallow  pits;  narrow  front  end,  with  six  strong  out- 
standing marginal  denticles ;  surface  with  tortuous  branch- 
ing ridge. 

Found  in  the  '*  Hamilton  group,  at  Eighteen  Mile  Creek, 
Lake  Erie,  N.  Y.''    (Jones.) 


Genus  BEYRICHIA.    McCoy. 

[Ety.  :   Proper  name.  ] 
(1844:   Synop.  Sil.  Foss.  Ireland,  p.  57.) 

Carapace  with  equal  oblong  convex  valves,  their  extrem- 
ities rounded,  their  ventral  border  semi-circular,  and  dorsal 
border  straight.  Valves  wider  posteriorly  than  anteriorly, 
and  impressed  with  transverse  sulci,  with  raised  lobes 
between. 

Bevuichia  hamiltonexsis.  Jones.  (Fig.  247.)  (1890: 
Quart.  Journ.  Geol.  Soc,  Vol.  XLVL,  p.  19.) 

Distinguishing  Cliaracters.—^h\\i\-\oheA  with  middle  lobe 

isolated     and    oblique;     anterior    lobe 
forked  by  vertical  sulcus ;  posterior  lobe 
similarly,  but  less  deeply,  furcate,  con- 
tinuing downward  and    forward  to   a 
swollen  portion  just  at  the  middle  of  the 
ventral  regi(jn ;  granulose  surface,  with 
some  of  the  granules  sharp  and  prickly  at  the  dorsal  region. 
Found  in  the  Hamilton  group,  Eighteen  Mile  Creek,  Lake 
Erie  Shore.     ( Jones. ) 

BEvmcHiA  TRicoLLiXA.  Ulrich.  (Fig.  248.)  (Journ.  Cin. 
Soc.  Nat.  Hist.,  Vol.  XIIL,  p.  189,  PI.  XII.) 

Distinguishing  Chararters. — Sub-oblong,  semi-ovate,  mod- 
erately convex  valves,  with  a  long  straight  hinge  line,  and 


Fio.  247.  Beyrichia  fiavi- 
iltonensis.  A  left  valve,  x 
15  (after  Jones). 
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wide  marginal  frill;  surface  with 
tliree  rounded  tubercles,  one  near 
tile  posterio-cardinal  angle,  an- 
other, perhaps  twice  as  large,  near 
the  center  of  the  dorsal  mai^n,  the 
third,  Hmaller  than  either,  between 

Fro.  948.     BeuricAia  triooUino. 

and  a  httle  beneath  them;   addi-  a  lett  tsito,  with  the  tHU  broken 

'  Bwa;  at  tbe  anterior  eod,   z   SO 

tioiial  slight  dwellings  in  the  pos-  (atwruwohi. 

terio-ventral  fourth;  moderate  depression  between  largest 

and  smallest  tubercles. 

Found  in  the  "shales  of  the  Hamilton  group,  in  Eighteen 
Mile  Creek,  N.  Y."'    (Ulrieh,  type.) 

Genus  ISOCHILINA.    Jones. 

[Ety.  :  Im»,  equal;  eheilc*.  Up.] 
(1858;  Can.  Org.  Remains.  Decade  3.  p.  1»7.^ 

Carapace  with  equal  valves,  whose  margins  meet  uni- 
formly and  do  not  overlap.  Greatest  convexity  central,  or 
towards  the  anterior  end ;  anterior  tubercle  present. 

IsocHiLiNA  (?)  FABACEA.  Jones.  (Fig.  249.)  (Quart. 
.fourn.  Geol.  Soc,  Vol.  XLVI.,  p.  22,  PI.  II.) 

Distinguishing  Characters. — "Narrow,  oblong,  bean- 
Mhaped,  straight  above,  gently  curved 
below,  semi-circular  in  front,  obhquely 
rounded  behind ;  faintly  impressed  in 
the  middle  of  the  dorsal  region ;  sloping 
gently  dorsally,  and  more  abruptly  on  f^S^on^"  "*"  "  * 
thp  free  margins ;  surface  apparently 
punctate,  but  in  reality  delicateh'  reticulate,  all  over." 

Found  in  the  "Hamilton  gi"Oup,  Eighteen  Mile  Creek, 
Lake  Erie  Shore,  N.  Y."    (Jones.) 

Gexus  LEPERDITIA.    Ronaui.t. 

[Ety.:   Lepii,  scale;  dittos,  double.] 

(IS.'tl;   Bull.  Soc.  Geol.  France,  2d  Ser,  T,  VIII.,  p.  377.) 

Carapace  with  unequal  valves,  the  right  valve  the  larger 

and  overlapping  the  left  valve,  along  the  ventral  and,  to 
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some  extent,  along  the  anterior  and  posterior  ends.    Valves 
smooth,  oblong,  and  horny. 

Leperditia  hudsonica.    Hall.    (Fig.  250.)    (Pal.  N.  Y., 
Vol.  III.,  1859,  p.  375.) 

Distinguishing  Characters, — Symmet- 
rical, very  convex  (sub-globular)  form, 
almost  as  thick  as  high ;  straight  dorsal 
border,  with  the  anterior  cardinal  angle 
more  developed  than  the  posterior; 
well-rojinded  free  margins,  with  anterior 
extremity  less  truly  rounded  than  the 
posterior. 

Found  in  the  Encrinal  limestone  (?),  at  *^  Eighteen  Mile 
Creek,  Lake  Erie  Shore,  New  York  State."    (Jones.) 


Fio.  250.  Leperditia  hiid- 
aonica.  Lateral  edge  and 
end  views  of  a  right  valve, 
X  26  (after  Jones). 


Genus  ^ECHIMINA.    Jones  and  Holl. 

[Ety.  :   Aichme,  a  sharp  point.] 
(Ann.  and  Mag.  Nat.  Hist,  Ser.  IV.,  Vol.  III.,  p.  217.) 

Carapace  with  thick  valves,  straight  at  hinge  line,  rounded 
at  the  ends,  and  convex  at  the  ventral  border.  Surface 
drawn  out  into  a  brond-based  and  sharp-pointed  hollow 
cone,  which  either  involves  the  whole  surface,  or  rises  from 
the  posterio-dorsal  or  centro-dorsal  region. 

iEcHiMiNA  MAKGiNATA.  Ulrich.  (Fig.  251.)  (Journ.  Cin. 
Soc.  Nat.  Hist.,  Vol.  XIIL,  p.  184,  PI.  XYI.) 

Distinguishing  Ch aracters. —  Small 
size ;  elongate  form  ;  narrowed  anterior- 
ly; straight  and  long  dorsal  margin, 
with  obtuHe  angles ;  nearly  semi-circular 
free  margin,  with  a  slightly  elevated 
marginal  rim ;  very  long  and  slender 
spine. 

Found  in  the  ''shales  of  the  Hamilton  group,  in  Eighteen 
Mile  Creek,  N.  Y."    (Ulrich.) 


Fio  .  2rA.  ACch  im  i  n  a 
mar<finnt(i.  lAift  valve,  x 
20  (after  Ulrich). 
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Genus  CTENOBOLBINA.    Ulrich. 

[Ety.  :   Ktenos,  comb;  holbos,  bulb.] 
(1890:  Journ.  Cin.  Soc.  Nat.  Hist.,  Vol.  XIII.,  p.  108.) 

Carapace  small,  elongate,  sub-oval,  strongly  convex.  The 
])osterior  two-fifths  more  or  less  decidedly  bulbous,  or 
sub-globular,  and  separated  from  the  remainder  by  a  deep 
narrow  sulcus,  extending  in  a  gentle  curve  from  the  dorsal 
margin  more  than  half  the  distance  across  the  valves 
towards  the  posterio- ventral  border.  The  anterior  three- 
fifths,  often  with  another  oblique,  but  less  impressed,  sulcus. 
Valves  equal,  the  dorsal  margin  straight,  hingement  simple, 
the  ventral  edge  thick,  and  the  true  contact  margins  gen- 
erally with  a  row  of  small  spines  on  each  side;  in  a  lateral 
view  both  are  concealed  bv  a  *^ frill"  or  flattened  border, 
usually  mistaken  for  the  true  contact  edges.  Surface  gen- 
erally granulose. 

Ctkxobolbina  minima.  Ulrich.  (Fig.  252.)  (Journ.  Cin. 
Soc.  Nat.  Hist.,  Vol.  XIII.,  p.  188,  PI.  XV.) 

Distinguishing  Characters, — Small   size;    strong   oblique 
sulcus ;  ventral  spine  posteriorly ;  dorsal 
spine    wanting,    or    represented   by   a  \,^y 

mill  lite  tubercle  on  the  posterior  side  of       _ 

*  FiQ.  252.     Ctenoholbina 

the  sulcus;  smooth,  moderately  convex,     So'(TftSuh^i?h)**^^*^^®' ^ 
surface. 

Fomid  in  the  *^  Hamilton  shales,  at  Eighteen  Mile  Creek, 
near  Buffalo,  N.  Y."    (Ulrich,  type.) 


Gknus  MOOREA.     Jones  and  Kikby. 

[Ety.  :   Proper  name.] 
(1 809:    Ann.  and  Mag.  Nat.  Hist.,  Ser.  TV.,  Vol.  III.,  p.  225.) 

Caraj)ace  with  simple,  thick,  flattened  valves,  longer  on 
the  dorsal  than  the  ventral  margin,  without  any  sub-central 
pit,  and  ornamented  with  narrow,  rounded  ridges,  follow- 
ing* more  or  less  closely  and  completely  the  marginal  con- 
tour. 
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Moore  A   bioornuta.    Ulrich.    (Fig.    253.)    (Journ.    Cin. 
Soc.  Nat.  Hist.,  Vol.  XIII.,  p.  191,  PL  XVI.) 

Distinguishing  Chara  cters. — Su  b-o  b- 
p^    ^jF-'-  -."Si^         long,  elliptical,  rather  strongly  eon- 
yfi    Wi  .^^^         vex  valves ;  strongly  rounded,  nearly 
*  equal  ends;  straight  hinge  line  occu- 

pying the  two  central  fourths  of  the 
length;  gently  convex  ventral  edge; 
two  blunt  spines  near  anterior 
margin;  prominent  posterior  cres- 
centic  ridge. 
Found  in  the  **  Hamilton  group,  at  Eighteen  Mile  Creek, 
N.  Y."    (Ulrich,  type.) 


Fio.  253.  Moorea  bicomuta. 
Side,  end,  and  ventitd  views 
of  a  right  valve»  x  80  (after 
Ulrich). 


Genus  BAIRDIA.     Mc€oy. 

[Ety.  :   Proper  name.] 
(1846:   Synop.  Carb.  Foss.  Ireland,  p.  164.) 

Carapace  varying  in  form  fi'om  broadly  trian^lar  to  nar- 
rowly elongate  sub-triangular;  extremities  more  or  less 
acute;  surface  smooth,  finely  punctate  or  setiferous.  Left 
valve  overlapping  the  right.  Interior  of  marginal  borders, 
except  on  the  dorsal  edge,  ca^^^ed  with  a  narrow  laraelliform 
plate,  as  in  Cypris,  except  fre(juently  for  a  slight  fold  or 
notch  at  the  angles  of  the  hinge  line. 

Bairdia    leguminoides.     Ulrich.     (Fig.    254.)      ( Joum.  * 

Cin.  Soc.  Nat.  Hist.,    Vol.  XIII.,   p. 
197,  PI.  XVII.) 

Distinguishing  (  haracters,  —  Acu- 
minate  sub-equal  ends,  the  posterior  a 
little  more  blunt;  dorsal  edge  ai*ched 
in  the  middle,  concave  on  the  sides 
regularly  curving  ventral  bord^* 
thick  overlapping  edge  of  left  v€dve 
Ji^.'Ri^hf  Sd;"  v7nS:    faintly  marked  central  spot  of  right 

and  anterior  views  of  a  perfect  ■, 

carapace  x  30  (after  Ulrich).  Vai  VC. 
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Fount!  in  the  ^'shales  of  the  Hamilton  group,  at  Eighteen 
Mile  Creek,  N.  Y/'    (Ulrich,  type.) 

Order  Trilobit^.    Burmeistkr. 

Tlie  trilobites  are  extinct  Crustacea,  wholly  confined  to  the  Palajozoic 
sea.  The  body  was  covered  with  a  carapace,  longitudinally  divisible 
into  three  parts.  The  anterior  portion  comprises  the  head-shield  or 
cephalon,  which  is  usually  semi- circular,  with  a  straight  posterior  border. 
The  central  of  the  three  cephalic  lobes  is  the  gldbella,  which  is  the  most 
prominent  part  of  the  cephalon.  It  is  of  varying  outline,  and  more  or 
less  divided  by  transverse  furrows  or  pairs  of  furrows.  The  last  furrow 
is  the  occipital  furrow,  and  delimits  the  occipital  ring,  which  is  just 
anterior  to  tlie  first  segment  of  the  thorax.  On  either  side  of  the  glabella 
is  a  pair  of  cheeks,  divided  by  the/acta^  suture  into  fixed  cheeks  (those  next 
to  the  glabella)  and  free  cheeks  (the  outermost  portion).  The  latter  are 
often  prolonged  into  genal  spines.  The  compound  eyes  are  situated  on 
the  free  cheeks,  and  they  are  overshadowed  by  more  or  less  prominent 
eyelids  or  palpebral  lobes,  which  are  lateral  lobes  from  the  fixed  cheeks. 
The  facial  suture  thus  passes  between  the  eyes  and  the  palpebral  lobes, 
and  when,  as  is  often  the  case,  the  free  cheeks  become  separated  after  the 
death  of  the  animal,  only  the  palpebral  lobes  remain  on  the  central  por- 
tion of  the  cephalon.  The  border  of  the  cephalon  is  often  distinctly 
marked,  and  is  spoken  of  as  the  cephalic  limb.  At  the  margin  it  is  folded 
down  and  back,  making  the  doublure,  which,  continued  backwards,  often 
produces  hollow  or  solid  genal  spines.  To  the  anterior  lower  portion  of 
the  doublure  is  attached  the  lower  lip,  or  hypostoma,  which  is  often  found 
separate. 

The  that*ax  consists  of  a  varying  number  of  segments  or  rings,  articu- 
lated with  each  other,  and  commonly  permitting  enrollment.  They  con- 
sist of  a  central  annulus  and  lateral  pleurm. 

The  tail,  or  pygidium,  consists  of  a  single  piece,  comprising  a  central 
axis  and  lateral  lobes.  The  axis  and  the  lobes  commonly  show  transverse 
furrows,  corresponding  to  the  divisions  of  the  thorax,  and  they  are  often 
so  strongly  marked  that  a  line  of  division  between  thorax  and  pygidium 
is  difficult  to  determine. 

Great  advances  have  recently  been  made  in  our  knowledge  of  the 
ventral  side  of  Trilobites.  Probably  all  of  them  had  jointed  appendages, 
which  included  antennae,  mouth  parts,  and  legs,  comparable  in  a  general 
way  to  those  of  modern  Crustacea. 

Note. — For  a  fuller  account,  and  for  a  bibliography,  the  student  is  re- 
ferred to  Zittel's  Text-book  of  Palaeontology.  Of  special  interest  are  the 
recent  papers  by  Walcott,  Beecher,  Matthew,  and  others,  on  the  append- 
ages and  development  of  Trilobites,  published  in  the  American  Journal  of 
Science,  the  American  Geologist,  and  other  periodicals. 
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Gem >  HOM ALON'OTL  S.     K«x.\i«. 

[Ety.  :    H'ffiothMi.  on  the  same  level :  noitM^  back.] 
(1825:    Icones  Foss.  Sectiles,  p.  4.) 

Bfxly  usuhIIv  lar^f*.  depressed  al>ove.  with  abmptly  »Iop- 
in^  sides.  The  axial  furrows  are  indistinct  or  obsolete. 
Cephalon  depressefl-i:onvex.  wider  than  long,  with  roanded 

genal  angles,  and 
somewhat  produced 
anterior  margin.  Gla- 
l)ella  almost  rectangu- 
lar, smooth,  or  with 
faint  lateral  furrows. 
Small  eves  si tua  tei  1 
Ijehind  the  middle,  and 
convei-ging  facial  su- 
tures are  characteris- 
tic. Thorax  of  thir- 
teen ( leepl y  grooved 
segments.  Pygidiuni 
smaller  than  the  ceph- 
alon,  elongate-triangu- 
lar, rounded  or  pro- 
duced posteriorly . 
Axis  with  ten  to  four- 
teen nnnulations;  lat- 
eral lobes  smooth  or 
with  posteriorly  slop- 
ing ribs. 

HoMALONOTrS       UE- 

KAYi.  (Green.)  (Fig. 
1>.V,.)  (Pal.  N.Y.,  Vol. 
Ml,  p.  7,  Pis.  II.,  III., 

IV.,  V.) 
nistin;j:inslnnu'  ( 7y///vK*/r/'.s.— Klon^M te  liu^rniform   outline ; 
sub-ti'irin^iijiii'  ct'plinlon,  nearly  e<juihiteral  in  perfect  8j)eci- 
mens:  flnttened,  nbrnptly  deflected  movable  cheeks;   broad 


Via.  '■!'>'>.      Hnnin/ninifiiM    (hkofji    (.aft«*r    Hall    and 
CI  jrk»'  -  r«'(lu(»'<l 


313 


thonix,  width  eqiml  U}  leti^h;  surface  scarcely  trilobate 
and  axis  very  broad;  pleurp?  narrow,  deflected  along  their 
median  line;  Bub-trianpnlar,  faintly  trilobate  pygidium,  the 
annulations  of  which  become  obsolescent  at  maturity;  sur- 
face pitted. 

Found  at  "  Hamburg  and  Eighteen  Mile  Creek,  Erie 
County,"  (Hall  and  Clarke.)  It  occurs  in  the  lowest  Trilo- 
bitf  l)ed,  and  in  the  shale  below  it,  down  to  and  in  the 
Pleiiroilictyum  beds  of  Avei*y's  Ravine.  It  is  a  rare  form, 
find  no  perfect  specimens  have  so  far  been  obtained  from 
this  I'egion. 

GENts  PHACOPS.     Emmrich. 

[Etv.  ;   Pliakoa,  lens;  opa,  eye.] 
(1889:   Emmricli.—DeTrilob.  DiBsen.) 

"  Body  oval.  Cephalon  parabohc;  genal  angles  obtuse,  or 
produced  into  minute  spines.  Glabella  tumid,  prominent, 
widest  anteriorly ;  the  two  anterior  pairs  of  lateral  furrows 
indistinct.  Eyes  very  large,  con 
spicuouH,  bearing  numerous  coi 
ticjd  Jensen.  Thorax  sub-quad 
nite;  segments  eleven;  pleurip 
iirclieil,  ini<l  rounded  at  their  ex 
ti-emities.  Pygi<liuiii  moderateh 
lai^e,  composed  of  few  annula 
tions ;  margin  entire  and  not  jii  o 
Jontied  into  a  terminal  spine 
(Pal.  N.  v.,  A'ol.  VII.,]>.  xxix  ) 

PHACOI'S    KANA.      (Gl-eCU.)      ( I  If, 

2r,(i.)    (Pal.   \.  Y.,    Vol.    VII     \ 
v.).  Pis.  VII.,  VIII.,  VIII.A.) 

I>istinf--iiishinfj  Ch  ii  rasters  — 
Sub-weni  i-ciri'ular    outline    of 
c-e])hjil-.ii:  sub-pentagonal  outline      ^.^^    pk«   p    a«.    Apef^ 
of  glalM.'lin.  the  posterior  turn  iv     P*cin  n(.tt    Haiunu  uk  > 
ainiie  distinguisliable;  prominent,  gioo\ed  doubluie,  eyes 
with   forty  to  fifty   lenses;    axis    of   thorax  widest  about 
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one-third  the  length  fi'oni  the  front,  tapei'ing  towards  both 
ends;  flat,  furrowed,  abruptly  deflected  plenrte;  regularly 
and  evenly  rounded  margin  of  pygidium ;  pustulose  surface. 

Fonnd  in  almost  all  the  beds,  from  near  the  top  of  the 
Moscow  ahales  to  the  Marcellua  ehales  (often  abundaut). 
Especially  coninion  in  the  Tnlobite  beds  of  Section  8,  ow  the 
Lake  Shore  and  in  Averv's  Creek. 


Genus  DALMANITES.    Babhaxdk. 

SuB-fiKNL-s  CRYPH^ITS.    Grekx. 
[Ety.  ;  Kryp!ia-ii».  UiMen.] 
(1837:   Joiirn.  Acad.  Nat.  Scl.Vol.  VIL.  p.  217.) 
"Gemil  unfiles  produced   into  long,  often  laterally   com- 
pressed and  narrow  spines,    Powterior  thoracic  s^mente 
produced  and  acnte.    Pygidium  with  five  annulations  and 
five  pairs  of  mnrginal  lolies  or  spines.    Terminal  lobe  nioi-e 


or  less  developed.' 


(Hall:    Pal.  N.  Y.,  Vol.  VIL,  p.  xxxiii.) 

CitYFHJira  BOOTHi.  Gi-een,  {Fig.257.) 
(Pal.  N.  Y.,  Vol.  Vn.,  p.  42,  Pis.  XVI., 
XVI.  A.) 

D  is  ting  II  is  h  i  u  g  Characters.— Larga 
(;ei)halou,  with  broad,  thin,  blunt  genal 
spines,  which  normally  reach  the  sixth 
thoracic  segment;  large  pear-shaped  or 
Bub-iientngonal  glatwlla;  pygidium  with 
eleven  flmbnie  or  spines,  which  arestout, 
flat  and  pustulose. 

Found  in  the  lower  three  or  four  feet 
of  the  Moscow  shales,  at  Sections  4  and 
5  (rare);  in  the  Entrinal  limestione  at 
Section  5  (rare);  in  the  Lower  shales  of 
Sections  5  to  8,  and  on  the  Lake  Slioi-e, 
it  is  spnringly  repreHented,  occurrinf; 
usually  with  I'liacops  raiia;  in  the 
Trilobite  beds  of  Section  8,  etc.,  it  is 
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boothi.  T 
fridlum     I 

Clarke  , 


coiiiiuon,  and  it  occurs  in  the  shales  below  the  Trilobite 
beds  in  Avery's  Creek.  , 

Cryph.*:i'8  boothi,  var.  calliteles.  Green.  (Fig.  258.) 
(  Pal.  N.  Y.,  Vol.  VII.,  p.  45,  Pie.  XVI.,  XVI.A.) 

Distinguishing  Characters.— Long,  flat,  tapering  genal 
Hpines,  their  acnte  extremity  reaching  to 
the  eighth  thoracic  segment,  their 
flattened  end  grooved  by  the  occipital 
furrow;  wide  occipital  ring,  with  cen- 
tral spiniform  node;  thorax  annulations 
with  spiniform  nodes,  increasing  in  size 
backwards;  distant,  narrow,  lanceolate 
pygidial  spines ;  faintly  granulose  snrface,  with  glabella  and 
pyffidial  lobes  usually  quite  smooth. 

Found  in  the  Encrinal  hmestone,  at  Section  5  (rai-e) ;  also 
in  the  Trilobite  beds  of  Section  8,  etc.,  associated  with  the 
jireceiiing. 

Genus  PROETOS.    Steininoer. 
[Btt.  :  Mythological  aame.] 
(1881 :  Hem.  Soc.  Qeol.  de  France.) 
(Vplialon  semi-circular,  with  thickened  mai^ins.    Glabella 
\ery  convex,  parabolic,  rounded  anteriorly,  with  few  lateral 
furrows.      Eyes   prominent,   smooth, 
close  to  the  glabella.    Thoracic  seg- 
ments ten,  pleuriB  with  oblique  fur- 
row.    I'ygidiuni  trilobed,  semi-circu- 
lar;   axis  short  and  convex. 

PitOt'TIH     MACltOCEPHALUS.        Hall. 

(I-V  2r)9.)     (Pat.  N.  Y.,  Vol.  VII.,  p. 
116,  PIh.  XXI.,  XXIII.) 

Distinguishing  Characters.  —  S  «  b  - 
Hcnii-iireulnr  or  lunate  cephalon  ;  thin 
acute-  ^•\\i\\  spines ;  sub-conate,  pustu- 
loaegltil«'Ila,  with  sides  broadly  taper- 
ing to  the  anterior  extremity,  its 
width  three-fourths  the  length;  single     SeS^^wrHlSi'M 
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pair   of   oblique   furrows  (occasionally  others  indistiiictlv 
visible);  strong,  bifurcating  occipital  furrow:  lunate  eyes: 
granulose  thorax ;  abruptly  deflected  pleurae ;  semi-elliptical, 
well-grooved  pygidiura,  with  strong  border. 
Found  in  the  Encrinal  limestone,  at  Section  5  (very  rare). 
Proetus  rowi.    (Green.)    (Fig.  260.)    (Pal.  X.  T.,  Vol. 
VII.,  p.  119,  Pis.  XXL,  XXIII. ) 
Distinguishing  Characters. — Semi-elliptical  to  semi-circular 

cephalon;  broad  flat  border;  genal 
spines  reaching  to  fourth  thoracic  s^- 
nient:  simple,  elongate  sub-conate  gla- 
Ijella,  sloping  to  a  broadly  rounded  an- 
terior extremitv ;  lateral  furrows  absent : 
large  lunate  eyes;  axis  occupying  more 
than  one-third  the  width  of  the  thorax  : 
pleune  with  grooves:  pygidium  with 
nine  or  ten  low,  flattened  annulations 
in  the  axis,  and  six  in  the  lateral  lobes, 
with  indications  of  a  seventh;  con- 
spicuously thickened  border:  smooth 
or  faintly  pustulose  surfaces. 
Found  at  ''Hamburg  and  Eighteen  Mile  Creek,  Erie 
Coutitv  "  (  Hall ).  Found  in  the  Trilobite  ( ?)  beds,  at  Section 
><  (R.  P.  .Iolins<>n). 

Pf{o{:ti'.^  (  r  k  viMAKdiNATi's.  Hall.  (?)  (Fig.  261.) 
[Proetus  sp.  (Jrabau:  Faunas  Ham.  Group,  p.  242.  Com- 
pare Pal.  N.  Y.,  Vol.  VII.,  p.  94,  PI.  XXll.) 

Distinguishing  rA.irarters.— Sub-triangular  glabella, 
rounded  anteriorly:   three  pair  glabellar  furrows,  the  last 

])air  curving  strongly  backwards  and 
reaehing  the  ocripital  furrow,  the  two 
anterior  pair  somewhat  less  curving,  and 
shorter.  Surface  strongly  pustulose.  The 
sj)ei-inien  here  deserilKHl  and  figured  re- 
tains only  the  gh\l)ella.  which  has  the  out- 
line anil   pustulose  character  of  P.  curvi'- 


Fiti.  2»5>).  Frf)rttiA  rovri. 
Outline  of  a  small  individ- 
ual, enlanrt^i  to  two 
dianieteri  (after  Hall  and 
Clarke. 


Fi<;.  "^jl.  P rutins 
riiri'uHn.rijinatu.i.  '  .') 
Th^-  iflal)ella,  x  l^. 
rieunxliotyum  I)  e  d  :* , 
Wanakah Cliff.  (Origi- 
nal, i 


nutrginatus  from  Pendleton,  Indiana. 
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Found  six  feet  below  the  lowest  Trilobite  bed,  at  Wan- 
akah  Cliff. 

Genus  PH^THONIDES.    Angelin. 

[Ety.  :   PhoBthon,  radiant.] 
(1878:   Paleeontologia  Scandinavica,  p.  21.) 

Cephalon  semi-circular,  with  genal  spines.  Glabella 
strongly  arched,  short  and  narrow,  with  strong  and  gener- 
ally duplicate  lateral  furrows,  and  two  small  pyriform  basal 
lobes.  Thorax  of  seven,  or  probably  more,  narrow  segments, 
with  a  wide  axis.  Pygidium  proetoid,  relatively  large,  bear- 
ing from  eight  to  twelve  annulations  upon  the  axis,  and 
eight  or  nine  upon  the  pleurse.  These  annulations  extend  to 
the  margin,  and  are  conspicuously  duplicate  their  entire 
length.    Surface  tubercled  or  smooth. 

Ph^thonides  gemm^us.  Hall  and  Clarke.  (Fig.  262.) 
(Pal.  N.  Y.,  Vol.  VII.,  p.  136,  PI.  XXIV.) 

Distinguishing  Characters, Strong  broad  arched  axis, 
being  nearly  one-half  the  width  of  the  body 
on  the  anterior  margin;  width  increasing 
backward  for  a  short  distance,  and  thence 
tapering  rapidly  toward  the  pygidium, 
beMiing  from   three   to    five   longitudinal     t(te»^eSJLei*f'^py^." 

ium  oul&rfirfid   two  di- 

rows     of     pustules;      convex,     SUlcate      and       amet€r8;fromEighteen 

,  ^,  ...  .  ,.  Mile  Creek  (after  Hall). 

pustulate  pleurae ;  semi-circular  pygidium ; 
axis  with  five  rows  of  tubercles,  the  middle  one  the  strongest ; 
lateral  lobes,  with  four,  five,  or  six  tubercles  on  each  seg- 
ment. 

Found  ill  the*' Hamilton  group  *  *,  Eighteen  Mile  Creek, 
Erie  County."    (Hall.) 

Genus  CYPHASPIS.     Buumeister. 

[Ety.:    CypJws,  convex;  aspis,  shield.] 
(1843:   Biirmeister:    Organisation  der  Trilobiten,  p.  103.) 

"Cephalon  semi-circular;  genal  angles  produced  into  long 
spines.    Glabella  strongly  arched,  short  and  narrow,  with 
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two  small  pyriform  basal  lobes,  bounded  jon  all  sides  by 
deeply-impressed  furrows.  Anterior  lateral  furrows  obsolete. 
Cheeks  broad,  granulose;  eyes  small,  semi-lunate.  Facial 
sutures  beginning  near  the  genal  angles;  and  in  front  of  the 
eyes  diverging  to  the  frontal  margin.  Thorax  composed  of 
from  ten  to  seventeen  segments,  which  are  rounded  at  their 
extremities.  Pygidium  semi-circular,  bearing  from  two  to 
eight  annulations  upon  the  axis."  (Hall:  Pal.  N.  Y.,  VoL 
VIL,  p.  xlviii.) 

Cyphaspis  ornata.     (Hall.)     (Fig.  263.)     (Pal.  N.  Y., 
Vol.  Vn.,  p.  145,  Pis.  XXI.,  XXIV.) 
Distinguishing  Characters.— Sub-ovoid  glabella,  abput  one- 
half  the  length  of  the  cephalon,  slightly  ele- 
vated along  the  axial  line;  two  isolated 
pyriform  lobes,  cut  off  by  baso-lateral  fur- 
rows ;  faint  pustules  on  glabella ;  numerous 
sharp  tubercles  on  frontal  area;    frontal 
border  with    a   single  row  of    bead-like 
tubercles. 
Found  in  the  Hamilton  group  of  Eigh- 
(Hall.)     (Coll.  Am.  Mus.  Nat.  Hist.  New 


Fio.  26S. 
ornata.  Porifon  of 
cephalic  shield,  with 
glabella,  x  8  (after 
HaU). 


teen  Mile  Oeek. 
York.) 


CHAPTER  III. 

Tin:   RELATION  OB^  MARINE  BIONOMY  TO  STRATIGRAPHY. 

Marine  Bionomj'  is  that  division  of  thalassography  or 
ocean o<>Taphy  which  deals  with  the  nature  and  distribution 
of  mnrine  organisms,  and  their  relation  to  the  environment. 
It  is  a  strictly  geological  study,  for  thalassography  itself  is 
n  blanch  of  physiography,  which  in  turn  is  that  branch  of 
geology  which  deals  with  the  present  surface  features  of  the 
earth,  and  the  causes  which  have  produced  them.  Marine 
biononiy  is,  in  fact,  the  study  of  the  palaeontologj''  of  the 
l)iesent  geologic  epoch  in  its  marine  aspect,  carried  on  under 
the  most  favorable  circumstances,  by  contemporary  observ- 
ers. 

In  studying  the  laws  of  the  distribution  of  animal  and 
plant  life  in  the  sea,  we  must  consider  two  distinct  phases  of 
our  subject:  first,  the  physical  conditions  of  the  sea,  and, 
secondly,  the  nature  and  habits  of  the  organisms,  i.  e.,  their 
hionomic  characteristics.  If  the  two  are  harmonious  in  a 
given  case,  it  is  evident  that  the  locality  considered  can  be 
inhabited  by  the  organism  in  question.  Under  physical 
conditions  we  must  include  the  prelsence  of  suitable  food  in 
sufficient  quantity,  and  the  absence  or  paucity  of  competing 
organisms. 

We  may  consider  the  physical  conditions  of  the  sea  in 
thi-ee  aspects:  climatic,  topograjjhic,  and  organic.  The  cli- 
ninte  of  the  sea  is  much  more  uniform  than  that  of  the  land. 
It  is  true,  that  in  the  very  shallow  parts  of  the  sea  the 
water  is  often  heated  to  such  a  degree  as  to  make  these 
regions  uninhalntable  for  most  animals.  Ordinarily,  how- 
ever, the  continual  change  of  water,  due  to  tidal  and  other 
currents,  is  sufficient  to  keep  the  temperature  at  a  moder- 
ately low,  and  more  or  less  uniform,  degree.  The  daily 
range  of  tem])erature  in  the  sea  is  of  less  importance  to 
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organisms  than  the  total  amount  of  heat  received:  for 
daily  changes  affect  chiefly  the  upper  strata  of  the  water, 
which  are  dii-ectly  influenced  by  the  heat  of  the  sun.  At  a 
moderate  depth  below  the  surface,  the  stratum  of  mean  tem- 
perature is  reached,  this,  where  not  affected  by  oceanic  cur- 
rents, varying  mainly  with  the  change  in  latitude. 

A  combination  of  the  climatic  and  topographic  factors  is 
the  chief  cause  of  ocean  currents,  which  are  of  great  impor- 
tance in  the  geographic  distribution  of  marine  organisms^ 
not  only  affecting  the  temperature  of  the  regions  through 
which  they  pass,  and,  consecjuently,  their  faunas  and  floras,* 
but  also  to  a  large  extent  determining  the  directions  of 
migrations. 

Next  to  the  climate  of  the  sea  the  topography  of  the  sea 
bottom,  and  that  of  the  adjacent  land,  is  the  most  powerful 
factor  in  determining  the  distribution  of  marine  organisms. 
The  facies  of  the  ocean  floor,  or  the  material  of  which  it  is 
composed,  is  perhaps  the  most  significant  part  of  sea-bot- 
tom topography,  though  submarine  ridges  and  barriers  are 
of  great  importance,  especially  when  such  barriers  cut  off 
Uiarginnl  Vjodies  of  water,  the  inhabitants  of  which  may 
l>e  prnveiited  from  intermingling.  The  separation  thus  pro- 
duced inny  lead  to  the  development  of  local  faunas  and 
Horns.  The  importance  of  the  greater  inequalities  of  the  sea 
bottom,  and  the  submarine  continental  shelves  and  deep 
oceanic  basins,  due  to  them,  as  well  as  the  conformation  of 
the  coast-line,  with  its  varying  facies,  will  be  considered 
later. 

Df  all  the  topographical  features  which  influence  the 
distribution  of  marine  organisms,  northward  and  south- 
ward stretching  bodies  of  land,  like  the  continents  of  North 
and  South  America,  are  perhaps  the  most  important.  For 
since  thev  form  a  continuous  barrier  across  the  warmer 
portir)ns  of  the  ocean,  extending  into  the  cold  regions,  the 
migration  of  the  warmer-water  species  from  one  side  to  the 


*  Differenc*^  of  faunas  and  floras  due  to  oceanic  currents  are  well  illustrated  by  the 
marine  life  north  and  south  of  Cape  Cod. 
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other  is  prevented.  Thus  the  marine  faunas  on  opposite 
sides  of  North  or  South  America  differ  widely. 

The  or<^anic  conditions  of  the  sea  likewise  exert  an  impor- 
tant influence  in  the  distribution  of  marine  life.  By  organic 
conditions  of  the  sea  is  meant,  the  nature  and  abundance  of 
food  supply,  and  the  relative  importance  of  competing: 
orgnnisms.  Since  plants  primarily  furnish  the  food  supply 
of  nnimals,  those  portions  of  the  sea  rich  in  plant  life  are, 
in  general,  well  adapted  to  the  existence  of  animal  life. 
Yet  even  in  regions  where  plant  life  is  wholly  absent^ 
as  in  the  deep  sea,  an  abundant  fauna  exists,  the  food 
supply  of  which  is  however  derived  from  regions  where 
plants  grow. 

Closely  related  to  the  food  supply,  is  the  struggle  for  a  liv- 
ing among  species  and  individuals.  It  is  a  well  known  fact, 
that  moat  animals  have  such  an  enormous  offspring  that, 
supposing  none  were  destroyed,  in  a  short  time  all  the  space 
in  a  given  region  would  be  occupied  by  the  progen\'  of  a  sin- 
gle pair,  and  that  the  number  would  be  such  as  to  enor- 
mously exceed  that  determined  by  the  food  supply.  Migra- 
tion to  new  regions  is,  therefore,  a  necessity,  and  emigrants 
ai-e  continuallv  sent  out  in  all  directions  from  the  mother 
country.  If  no  other  occupants  were  in  the  region,  an  intra- 
spociflc  struggle  for  existence  would  characterize  every  local- 
ity settled  by  these  migrants,  members  of  the  same  species 
fighting  among  themselves  for  a  living.  Such  struggle 
would,  of  course,  result  in  the  desti'uction  of  vast  numbers 
and  the  emigration  of  others.  When,  however,  the  newly 
op('ne(l  area  is  entered  simultaneously  by  several  species,  or 
if  the  area  is  ali'eady  occupied  by  other  species,  an  inter- 
specific struggle  will  occur,  the  outcome  of  which  will  depend 
on  the  relative  ability  of  the  contending  species  to  hold  their 
ground.  The  resident  species  may  be  driven  out  by  the  new- 
romcM'.  or  it  may  hold  its  own  and  prevent  the  intruder  from 
settling;  or,  again,  what  is  perhaps  more  common,  the  two 
species  may  <Miter  into  a  compromise  and  jointly  occupj^  the 
a  rea . 
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The  marine  realm  may,  then,  be  divided  into  the  following 
life-districts,  the  medium  in  all  cases  being  salt  water:* 

1.  Littoral  district :  Light;  substratum  present. 

2.  Pelagic  district :  Light ;  substratum  absent. 

3.  Abyssal  district :   Dark;  substratum  present. 

4.  Abvsso-pelagic  district :   Dark ;  substratum  absent. 

The  littoral  district  extends  from  the  shore  at  high-water 
mark  to  the  edge  of  the  continental  shelf,  where  it  quickly 
merges  into  the  abyssal  district.  Around  oceanic  islands 
and  youngcontinents  the  littoral  district  is  very  narrow,  the 
ocean  floor  soon  falling  off  to  deep  water.  The  origin  of 
the  littoral  district  is  to  be  sought  in  the  activities  of  various 
geologic  agencies,  chief  among  which  are  the  inland  cutting 
of  waves  and  currents,  thus  extending  the  sea  landward, 
and  the  deposition  of  the  land-derived  detritus  on  the  edge 
of  the  continental  shelf,  thus  pushing  this  edge  seaward  and 
widening  the  submarine  platform.  Subsidence  of  the  land 
permits  the  advance  of  the  sea  over  the  low  country,  and 
broad  Ei)icontinental  seas,  as  Chamberlin  has  called  them, 
are  formed  by  the  *' creeping  out  upon  the  low  parts  of  the 
land  of  a  film  of  the  sea,  as  it  were,  '^t 

The  conditions  become  more  favorable  for  the  develop- 
ment of  littoral  life  as  the  continent  grows  older,  provided, 
of  course,  no  important  oscillatory  movements  occur.  As 
time  i)rogresses,  the  breadth  of  the  submerged  continental 
shelf  increases,  —  both  by  landward  cutting  and  by  seaward 
building,  —  and  the  surface  of  the  land  becomes  more  and 
more  reduced,  thus  bringing  about  a  decrease  in  the  amount 
of  (letrital  material,  which  is  carried  into  the  sea,  and  a  con- 
comitant increase  in  the  purity  of  the  water.  When  peneple- 
nation,  or  the  reduction  of  the  land  to  base  level,  has  been 
accomplished,  the  amount  of  detritus  carried  into  the  sea 
is  practically  nil,  and  organisms,  like  corals,  adapted  only 

♦  ortmann  ('95)  makes  the  terrestrial  and  fluvial  realms  each  coordinate  in  rank  with 
the  littoral,  pelaplc,  and  abyssal  districts  of  the  marine  realm,  treatinf^  them  as  districts. 
It  stM'ins  more  natural,  however,  to  divide  his  terrestrial  and  fluvial  "  districts"  into  districts 
ooiiiparable  to  the  three  marine  districts,  though,  of  course,  the  resulting  divisions  will  not 
always  1m»  of  uniform  quantitative  value. 

t  Chamberlin,  '98,  p.  608. 
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to  pure  water  can  flourish  close  to  the  continental  shore,  and 
deposits  of  a  purely  organic  nature,  such  as  the  extensive 
deposit  of  pteropod  shells  constituting  the  Styliolina  lime- 
stone in  Western  New  York,  may  form  in  comparatively 
shallow  water. 

The  epicontinental  seas  are  especially  adapted  for  the 
development  of  local  or  provincial  faunas.  Such  provin- 
cializing of  faunas  is  most  marked  if,  by  some  oscillatory 
movement  of  the  land  or  some  other  physical  change,  the 
basin  of  the  epicontinental  sea  should  become  separated  from 
the  extra-continental  portion  of  the  littoral  district  suffi- 
ciently to  prevent  intercommunication  between  the  organ- 
isms of  the  two  provinces.  A  barrier  is  thus  formed,  which 
need  not  necessarily  be  a  land  barrier,  and  a  great  diversity 
of  faunas  may  result.  Such  diversity  of  fauna  existed  in 
early  Tertiary  time  between  the  Mississippi  embayment  and 
the  Atlantic  coast ;  and  in  Palaeozoic  time,  between  the  Bay 
of  New  York  and  the  Central  Interior  sea.  Recent  provincial 
faunas  are  frequently  met  with.  It  requires  only  a  compara- 
tively slight  elevation  of  the  sea  floor,  or  a  moderate  deejien- 
ing  of  the  abyssal  oceanic  basins,  to  draw  off  the  water  from 
the  shallower  regions,  and  lay  large  portions  of  the  littoral 
district  dry.  Such  a  change  would,  of  course,  result  in  an 
extinction  of  the  whole  of  the  littoral  flora  and  fauna  thus 
exposed,  and  force  the  survivors  to  accommodate  themselves 
to  a  narrower  field.  Revival  of  stream  activities,  conse- 
quent upon  elevation  of  the  land,  would  result  in  carrying  a 
large  amount  of  debris  into  the  sea,  and  thus  produce  con- 
ditions unfavorable  to  the  existence  of  many  organisms. 
Such  an  elevation  of  the  land  and  extinction  of  faunas  oc- 
curred at  the  close  of  Ordovicic  time*  in  the  area  of  the 
central  and  eastei-n  interior  Paheozoic  sea.  A  few  survivors 
onlv,  of  the  Ordovician  fauna,  occur  in  some  of  the  lower 
deti'ital  beds  of  the  next  succeeding  foi'uiation,  in  certain 
localities.  In  the  Siluric  era  a  new  fauna  developed,  as 
conditions  again  became  favorable. 


VVeller,  '98,  j).  cm. 
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l^aiid  wards,  the  littoral  district  interlocks  with  the  corre- 
sponding districts  of  the  terrestrial  and  fluvial  realms,  the 
faunas  and  floras  of  all  more  or  less  intermingling.  It  is  in 
this  portion  of  the  littoral  district  that  an  important  sub- 
division must  be  considered,  namely,  the  shore.  The  shore 
is  that  i)art  of  the  littoral  district  which  lies  between  the 
highest  water  mark  (often  considered  as  even  including  the 
highest  point  of  the  wave  mark)  and  the  lowest  line  drawn 
during  the  lowest  ebb.  In  the  greater  part  of  this  division 
of  the  littoral  district  there  is  a  change  of  medium  twice 
ev(*rv  twenty-four  hours,  and  a  change  of  the  consequent 
j)hysical  conditions  attendant  upon  the  character  of  the 
medium.  Organisms  living  in  this  portion  of  the  littoral 
zone  must  be  capable  of  withstanding  the  effects  of  the  par- 
tial or  complete  removal  of  their  normal  medium  for  a 
greater  or  less  time.  It  is  here  that  the  interlocking  of  the 
mai-ine  and  terrestrial  faunas  and  floras  becomes  most 
marked,  and  an  intermingling,  and  a  migration  from  one  dis- 
trict to  the  other,  occurs.  Migration  from  the  land  to  the  sea 
is  seen  in  the  whales,  seals,  and  other  aquatic  mammals, 
which  have  become  nmrine  in  so  far  as  their  mode  of  locomo- 
tion is  concerned.  Owing,  however,  to  the  inability  of  air- 
breathing  animals  to  adapt  themselves  to  a  water-breathing 
habit,  all  terrestrial  animals  passing  into  the  sea  must 
assume  a  pelagic  life,  where  they  can  retain  their  normal 
method  of  breathing. 

Among  other  animals  which  have  exchanged  their  normal 
terrestrial  habit  for  a  prevailingly  marine  one,  may  be  men- 
tioned, several  birds,  such  as  the  Penguin  and  the  Albatross, 
certain  snakes,  turtles,  and  crocodiles,  and  a  number  of 
insects.  The  birds  and  insects  here  considered  represent  a 
passage*  fi-om  the  aerial  to  the  marine  pelagic;  while  the  rep- 
til<\s,  like  the  mammals,  illustrate  a  passage  from  the  land  to 
the  j)elagic  district  of  the  sea. 

While  thus  the  land  faima,  in  advancing  into  the  sea,  nat- 
ui-ally  takes  toapelagic  life,  the  land  flora  can  adapt  itself  to 
the  conditions  of  the  littoral  district.    This  is  well  shown  bv 
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^ills,  but  also  has  a  lung-cavity  like  that  of  the  land  snails, 
into  which  air  is  carried  by  means  of  a  long  breathing- 
siplion. 

Among  Crustacea  there  are  several  species  of  crabs  (e.  g., 
liii'^nis  latro,  etc.)  which  live  in  damp  woods  far  from  all 
wnter,  and  whose  respiration  is  carried  oh  chiefly  without 
the  intermediation  of  their  normal  medium. 

The  advent  of  marine  vegetation  on  the  land  has  only 
occui  red  uj)  to  the  limit  of  the  salt  spray  on  exposed  shores, 
and  liere  the  number  of  species  is  small.  But  at  or  just  be- 
low high-tide  limit,  a  number  of  algae  find  a  congenial  abode, 
and  grow  there  in  luxuriant  masses.  Chief  of  these  in  our 
nortliern  latitudes  are  the  Fuci,  with  Fucus  vesiculosus  and 
Ascophyllum  nodosum  predominating.  At  low  tide  these 
hang  like  a  wet  fringe  over  the  exposed  rocks  and  give  shel- 
ter to  numerous  species  of  the  smaller  littoral  animals 
beneath  them.* 

The  littoral  districts  of  the  marine  and  fluvial  realms  like- 
wise interlock  along  the  shores,  where  streams  mouth  into 
th(»  sea,  or  expand  into  broad  estuaries.  Here  marine  ani- 
mals will  venture  up  into  the  fresh-water  littoral  district; 
while,  similarly,  fresh-water  animals  pass  into  the  littoral 
district  of  the  marine  realm.  The  common  meeting-ground 
of  the  two  approaching  faunas  and  floras  is  in  the  estuarine 
or  brackish  water  facies  of  the  littoral  districts. 

In  an  ideal  cross-section  of  a  shore  supplied  only  with 
terrigenous  deposits  we  may  distinguish  a  variety  of  facies 
of  the  material  composing  it,  which  progressively  decreases 

in  coarseness  of  texture  seaward.    These  various  facies  ma v 

•J 

be  classed  as  follows: 
1.     Piockv-cliff  facies. 


•  >. 


P»ouldery  facies. 
(Jravellv  facies. 
4.    Sandv  facies. 
Afnddv  facies. 


.) 


*  A  sitnilar  int«'rn«lation  betw€»en  the  littoral  districts  of  the  terrestrial  and  fluvial 
r»'aliiia  occiirH,  with  a  paHsage  of  the  fauna  and  flora  of  the  one  to  the  other. 


328 

Beyoiul  the  reach  of  the  terrig:enous  sediments,  the  floor  of 
the  sea  ma  v  exhibit  chiefly  an  organic  facies,  and  this  will 
also  be  true  of  the  immediate  continental  or  island  shore, 
wherever  scnliments  of  a  purely  detrital  character  are  absent. 
It  is  comparatively  rare  that  this  gradation  of  facies  is 
observed  in  nature.  One  or  more  facies  are  generally  want- 
ing, while  not  infrequently  two  or  more  interlock.  Thus  a 
rocky  cliff  may  dt^scend  into  the  sea  without  a  l>each  at  its 
base:  or  there  may  1k»  simi)ly  a  bouldery  beach,  or  onlv  a 
sandy  or  grav(»lly  one.  The  landward  boundary  of  the 
shore  may  l)e  a  sand,  gravel,  or  boidder  lx»ach,  and  exten- 
sive mnd-flats  may  stretch  seaward  from  a  shore  formed 
mainly  of  v(»getable  accumulations,  such  as  salt  mai-shes. 
It  will  thus  be  se(4i  that  the  shore  presents  the  gi-eatest 
vari(^ty  of  i)hy8ical  featm-(»s,  and  that  hence  the  physical  con- 
ditions, and  the  organisnis  existing  under  them,  must  be 
niost  varied. 

The  shallow  sea,  or  "  P^'lachsee,''  is  that  portion  of  the 
littoral  district  which  is  never  uncovered.  It  is  separated  i\8 
a  distinct  district  by  Walth(*r,  who  restricts  the  term  lit- 
toral to  the  shore  zon(\  It  is,  however,  so  intimately  con- 
nected with  the  shon*  zone,  in  all  its  i)hysical  and  bionomic 
characteristics,  that  a  separation  is  not  natiu'al.  The  bot- 
tom of  the  shallow-sea  zf)ne  of  tli(»  littoral  district  is  less 
diversified  than  that,  of  the  shore  zone.  In  its  upper  portion 
and  ill  its  shoals  it  may  partake  of  the  character  of  the 
shore  zone:  but  in  its  deeper  i)orti()ns  the  charact^er  of  the 
bottom  is  usually  more  uniform,  being  either  rocky  or,  what 
is  more  common,  composed  of  fine  detrital  material  mingled 
with  organic  matter  in  various  stages  of  dissolution. 
According  to  the  character  of  the  bottom,  plant  life  will 
vary,  and  with  it.  to  a  gr<'ater  or  less  extent,  animal   life. 

Taken  as  a  whole,  the  littoral  district  is  the  most  impor- 
tant portion  of  the  sea,  both  from  a  bionomic  point  of  view 
and  from  its  bearing  on  iiaheontology.  '^The  littoral 
rt^gion,"  says  Loveii,* '•com])rises  the  favoured  zones  of  the 

*  Swell  I»v«kn    .    .    On  Puiirtalasia.  a  genus  of  I-Ichinoult^a.— Stockholm,  1888,  p.  86. 
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sen,  where  light  and  shade,  a  genial  temperature,  currents 
cliangeable  in  power  and  direction,  a  rich  vegetation  spread 
over  extensive  areas,  abundance  of  food,  of  prey  to  allure, 
of  enemies  to  withstand  or  evade,  represent  an  infinitude  of 
a<;ents  comi)etent  to  call  into  play  the  t<?ndencies  to  vary 
which  are  embodied  in  each  species,  and  always  ready,  by 
modifying  its  parts,  to  respond  to  the  influences  of  exter- 
nal conditions."  This  district  may  perhaps  be  regarded  as 
the  cradle  of  organic  life,  from  which,  on  the  one  hand, 
were  peopled  the  abyssal  and  pelagic  districts,  and,  on  the 
other,  the  terrestrial  and  fluvial  realms  and  their  various 
districts. 

The  marine  pelagic,  or  halo-pelagic  district,  or  more 
briefly,  the  pelagic  district,  is  the  common  meeting-ground 
of  most  of  the  life  districts.  It  touches  all  shores  and  com- 
municates with  the  corresponding  districts  of  both  terres- 
trial and  fluvial  realms.  It  has  direct  communication  with 
the  littoral  district,  many  inhabitants  of  which  leave  the 
bottom  at  times  to  lead  a  temporary  existence  in  the  pelagic 
district;  while,  in  turn,  many  pelagic  animals  visit  the 
bottom  or  shores  for  food.  Occasionally,  inhabitants  of 
the  |)elagic  district  enter  for  a  time  the  corresponding  dis- 
trict of  the  terrestrial  realm,  i.  e.,  the  aerial,  as,  for  example, 
the  so-called  flying  flsh ;  and,  in  turn,  as  already  noted,  many 
aerial  animals  spend  a  part  of  their  lives  in  the  marine 
j)elagic  district,  or,  at  least,  show  a  decided  preference  for  a 
pelagic  life.  The  passage  of  land  animals  to  the  halo-pelagic 
district  has  already  been  noted.  Similar  intermingling  of 
fresh  water,  or  limno-pelagic,  and  salt  water  pelagic  types 
occurs  in  the  estuaries  and  stream  mouths,  and  it  is  well 
known  that  halo-pelagic  fish  will  enter  the  limno-pelagic  dis- 
trict ill  breeding  time.  It  is  (juite  probable,  as  Sir  William 
Flower  suggests,  that  the  Cetacea,  in  their  transition  from 
a  terrestrial  to  a  marine  life,  passed  through  a  stage  in 
which  thev  lived  in  fresh  water.  A  similar  transition  for 
the  sea-grasses  is  not  improbable,  though  they  can  no 
longer  live  in  fresh  water.    Intercommunication  between  the 
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abysso-pelagic  and  pelagic  districts  also  occurs,  as  well  as 
between  the  abyeso-pelagic  and  abysKal. 

The  marine  abyssal  districtw  comprise  the  lipihtless  depths, 
or  generally  those  depths  exceeding  one  hundred  fathonin. 
As  assimilating  plant  life  is  absent  in  these  districts,  the  food 
enpply  of  the  organisms  existing  in  them  must  lie  wholly 
derived  from  the  districts  in  which  such  assimilating  vegeta- 
tion exists.  A  large  proportion  of  the  foo<I  of  the  abyssal 
anituals  is  contained  in  the  organic  oozes  and  sediments 
which  constantly  settle  down  in  a  more  or  less  deciunjiosed 
stfite  from  the  lighted  districts.  The  abysso-pelagic  district 
is  frequently  invaded  by  organisms  from  the  pelagic  disti-ict, 
which  descend  into  the  dark  regions  during  the  day. 

BioNOMK'  CHARACTKmsTirs  OF  Marixk  Oroamsms. 

Having  now  considered  the  life-districts,  we  will  next  tni-n 
to  a  study  of  the  organisms  inhabiting  them.  A  bion(»niic 
classification  of  animals  and  plants  cannot  strictly  agree 
with  a  classification  based  on  purely  anatomical  chnracteris- 
tics.  It  is  a  more  primitive  classification;  but  from  the 
point  of  view  here  adopted,  it  is  the  most  convenient.  The 
following  five  groups,  based  on  the  habits  and  mode  of  loco- 
motion of  the  organisms,  will  be  found  to  be  a  convenient, 
and,  from  the  bionomic  point  of  view,  a  natural  clussifica- 
tion:  Plankton,  Nekton,  Benthos,  Mero-plunkton,  and 
Pseudo-jihiukton- 

The  term  plankton  was  first  introduce<l  by  Victor  Hensen 
in  1887.  It  was  derived  from  the  Greek  irXoynTos  —  mean- 
ing to  drift  about  aimlessly.  In  the  marine  realm  it  com- 
prises those  organisms  which  spend  their  lives  in  the  sea, 
drifting  about  from  place  to  place,  without  sufficient  power 
to  direct  their  own  course.'  It  comprises  organisms  ranging 
from  microscopic  dimenBionB  to  medusae  oO  cm.  in  diameter. 
(WnliluT,  ''.IT,  |i,  I'll,  I     While  .s< M.f  ll,c  l:u>'cr  animals  of 
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this  group  have  power  to  propel  themHelves  through  the 
water,  they  nevertheless  are  subject  to  the  force  of  strong 
waves  or  currents,  which  will  render  them  helpless.  The  ma^ 
rine,  or  halo-planktonic  organisms,  are  wholly  pelagic,  and 
are  characterized  by  a  more  or  less  transparent  body,  and  by 
the  absence  of  opaque  skeletal  structuresj  only  a  few  forms 
retaining  delicate  calcareous  shells  inherited  from  their  ben- 
thonic  ancestors.  In  their  horizontal  distribution  the  halo- 
planktonic  organiums  are  dependent  chiefly  upon  the  marine 
currents,  as  they  are  practically  unable  to  undertake  inde- 
pendent migrations,  though  many  of  them  can  dart  about 
in  quiet  water.  They  hence  fall  an  easy  prey  to  actively 
predaceous  animals.  The  occurrence  of  these  animals  in 
swarms  is  also  accounted  for  by  their  lack  of  independent 
locomotion,  for  the  ^gs,  liberated  by  the  floating  parent, 
commonly  develop  without  separating  far  from  the  parent, 
with  whom  they  are  carried  along  by  the  currents  of  the  sea. 
These  animals  have,  however,  the  power  to  rise  and  descend 
in  the  water,  and  during  the  hours  of  the  day  many  of  them 
live  at  a  depth  of  from  fifty  to  one  hundred  and  fifty  fath- 
oms, coming  to  the  surface  only  on  quiet  nights.  The  ani- 
mals of  this  class  also  occur  in  the  aby8so-j)elagic  district.* 

The  halo-plankton  forms  one  of  the  chief  sources  of  food 
for  many  marine  animals,  and  is  commonly  devoured  in  vast 
quantities.  The  dead  organisms  which  sink  to  the  sea  floor 
in  an  incomplete  state  of  deconi])OHitiou  form  the  chief  ele- 
ment of  the  organic  oozes,  which  furnish  food  to  many 
littoral,  as  well  as  abyssal,  animals.  The  skeletal  portions  of 
the  dead  plankton  will  often  accumulate  in  vast  cgunntities 
on  the  bottom ;  and  in  the  greater  dejitiis,  where  terrigenous 
sedimenta  are  absent,  they  commonly  form  diutonmceous, 
radiolarian,  globigerina,  pteropofl  and  other  oozes.  The 
parity  of  such  oozes,  i,  e.,  their  fret-dom  from  clastic  sedi- 
ment, is  usually  iiii  index  of  the  purity  of  the  water  in  which 
they  were  depoHited,  but  from  this  we  cannot  always  decide 

•  VrmA-we' ■—'■•■ra,  or  Unino-plsnkkiti.  is  to  he  mi-t  wlili  in  almost  nil  wnterB,    I'm!!- 

ktilr  Da  mtrini  I  or  (teo-|il»Dklon  ailntii,  tlioURh  l«crU-riH  and  otlieP  mioro-orKimlmiia 

..nunpheni  for  an  Indeflolte  ptrrlinL  of  time. 
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that  such  ooze8,  when  found  in  a  fossil  state,*  indicate  deep 
sea.  The  absence  of  clastic  sediment  niav  be  due  to  the  low 
relief  of  the  land,  which  mav  have  been  worn  dow^n  to  base 
level,  thus  allowing  water  of  moderate  depth  near  shore  to 
be  free  from  detrital  nmterial. 

The  term  nekton,  derived  from  theGreekv>yx<»>,  toswirn,  was 
introduced  by  Hfeckel  in  1890,t  for  those  animals  which  lead 
an  actively  swimming  life.  The  group  is  typified  by  the  class 
of  fishes.t  A  torpedo-like  form,  terminating  anteriorly  in  a 
head,  and  perfect  bilateral  symmetry,  are  the  chief  character- 
istics of  these  animals.  A  strong  musculature  for  propul- 
sion is  commonly  situated  in  the  posterior  portion  of  the 
body,  while  appendages  for  balancing  and  steering  are 
usually  present.  The  body  is  non-transparent,  and  a  cal- 
careous supporting  skeleton  is  ordinarily  developed.  Typ- 
ical nektonic  animals  of  the  modern  sea  are:  the  squids, 
the  fish,  and  the  degenerate  mammals,  i.  e.,  whales,  por- 
poises, etc. 

The  term  benthos,  from  fievOos,  the  depths  of  the  sea,  was 
likewise  introduced  by  Haeckel  in  1890.  It  covers  those 
organisms  which  inhabit  the  sea-bottom. § 

We  may  divide  the  benthos  into  sedentary  and  vagrant 
(vagile)  benthos, the  former  attached  to  the  bottom,  the  lat- 
ter moving  over  it.  Living  in  such  intimate  relation  to  the 
sea  bottom,  halo-benthonic  organisms  are  to  a  high  degree 
dependent  upon  its  facies,  and  their  remains,  moreover,  are 
generally  entombed  in  the  region  where  they  have  lived, 
instead  of  being  de])osited  anywhere,  as  is  the  case  with 
planktonie  and  nektonic  organisms.    The  sedentary  benthos 


♦Styliolina  limestone  of  the  Gene-ee. 
trianktonstudien  —  TO  V€KToVy   that  which  swims. 

t  Fish  are  typical  halo  nektonic  and  limno-nektonic  animals.  Geo-nektonic  animals  are 
represented  by  tlyinfic  insects,  rentiles,  birds,  and  mammals.  None  of  these  lead  a  perma- 
nently nektonic  life  in  the  air,  ror  all  return  more  or  less  frequently  to  the  substratum. 
Nevertheless,  during  their  period  of  flight  —which  often  is  very  long  —  they  nmst  l)e  consid- 
ered as  nekton  of  the  air. 

§To  speak  of  fluvial  or  limno-benthos,  and  terrestrial  or  geo-lxMithos,  is  certainly  a 
stretching  of  the  word  beyond  its  original  significance,  but  the  value  of  the  term  in  that 
connection  more  than  count^r])alances  the  etymological  defects.  The  limno-benthos  con- 
tains comparatively  few  sedentary  animals,  of  the  classes  of  Protozoa,  si>onges,  Hydrozoa, 
and  Bryozoa,  but  a  much  larger  number  of  plants.  The  geo-benthos  is  pretty  sharply  divided 
into  vagrant  geo-benthos,  or  animals,  an«l  sedentary  geo-benthos,  or  plants,  excepting  some 
of  the  lowest  of  the  latter. 
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is  to  a  large  degree  dependent  for  food  on  those  organisms 
which  are  swept  within  its  reach  by  the  currents,  while  the 
vagrant  benthos  becomes  more  actively  engaged  in  seeking 
out  its  food.  A  large  number  of  sedentary  benthonic  ani- 
mals have  assumed  a  radial  structure — especially  well  typi- 
fied in  corals  and  crinoids,  and  also  shown  in  the  corona  of 
the  barnacle;  while  others,  such  as  brachiopods,  have  a 
bilateral  symmetry  of  high  degree.  Some  of  the  lower 
vagrant  benthonic  animals,  e.  g.,  echinoderms,  are  also  built 
on  the  radial  plan,  but  the  majority  of  free  benthonic  ani- 
mals are  bilaterally  symmetrical.  Among  the  vagrant  ben- 
thos the  struggle  for  existence  is  most  intense,  and,  as  a 
result,  the  variety  of  adaptations  and  the  wealth  of  form 
and  color  is  almost  unlimited.  Transitions  from  the  vagrant 
benthos  to  the  nekton  are  numerous,  and  it  becomes  some- 
times difficult  to  decide  if  an  animal  belongs  to  the  vagrant 
benthonic  or  to  the  neytonic  type.  The  gradation  is  just  as 
complete  as  between  nekton  and  plankton.  In  general  a 
radial  form  mav  be  said  to  be  characteristic  of  the  sedentarv 
benthos,  while  a  bilaterallv  svmmetrical  form  is  as  charac- 
teristic  of  the  vagrant  benthos.  Examples  of  change  of  form 
with  change  of  habit  occur  in  many  classes. 

The  term  mero-plankton,  from  fiepo^,  a  part,  was  also  in- 
troduced by  Hfleckel,  and  is  applicable  to  the  larvae  of  ben- 
thonic animals  which  lead,  during  the  larval  stages,  a  truly 
planktonic  existence,  and  which  occur  with,  and  suffer 
the  same  vicissitudes  as,  the  true  oi*  holo-plankton.  The 
up{)er  strata  of  the  ocean  are  commonly  crowded  with  such 
mero-planktonic  organisms,  and  to  them  is  due  the  hori- 
zontal diHtribntion  of  benthonic  species.  Floating  about 
in  the  sea,  in  perfect  clouds  or  swarms,  these  mero-])lank- 
tonic  organisms  pass  their  short  existence,  a  si)ort  of  the 
waves  and  currents.  Sooner  or  later,  however,  they  will 
sink  to  the  bottom,  a  veritai)le  rain  of  seedling  organisms, 
and  if  they  fall  upon  a  fertile  soil,  in  other  woi-ds,  if 
they  reach  the  proper  facies  of  the  substratum,  they  will 
develop  into  the  benthonic  adult;   but  if  they  fall  upon  an 
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unfavorable  bottom,  or  if  food  supply  is  scarce,  they  will 
perish.  Thus,  other  things  being  favorable,  wherever  the 
facies  of  sea  bottom  normal  to  a  particular  species  of  ben- 
thonic  organism  exists,  that  bottom  may  be  peopled  with 
that  species  by  the  larvae  which  reach  it  from  the  upper 
waters,  where  they  are  carried  by  waves  and  currents  dur- 
ing their  mero-planktonic  wanderings.  As  Walther  says, 
should  unfavorable  circumstances  temporarily  destroj'  a 
whole  fauna,  its  depopulated  home  will  at  once  be  sur- 
rounded by  swarms  of  delicate  larvae,  and  as  soon  as  the  old 
conditions  are  reestablished,  this  fauna  will  again  appear 
with  countless  individuals.  This  explains  the  sudden  reap- 
pearance, in  later  strata,  of  the  fauna  of  an  earlier  bed,  even 
though  absent  from  the  intervening  strata.* 

From  a  geological  i)oint  of  view,  the  niero-plankton  is  of 
vast  importance,  for  to  it  are  due  the  wide  dispersal  and  mi- 
gration of  the  benthonic  organisms,  w^hich  of  all  marine 
organisms  are  the  best  indices  of  the  physical  conditions  of 
the  sea  bottom.  It  is duringthelarval  period  that  benthonic 
marine  invertebrates  undertake  their  wanderings,  and  that 
migration  to  distant  regions  occurs.t 

The  term  pseudo-plankton  was  introduced  by  SchiittJ 
for  such  organisms,  which,  like  the  Sargassum,  are  norm- 
ally, or  in  early  life,  benthonic,  but  continue  their  later  exist- 
ence as  planktonic  organisms.  Walther  has  extended  the 
meaning  of  the  term  so  as  to  include  those  organisms  which 
are  carried  about  by  floating  objects,  to  which  they  are 
either  attached  as  sedentary  benthos  or  which  serves  them 
as  a  substratum  on  which  they  lead  a  vagrant  benthonic 
existence.     Such    organisms    are   the  alga?,  hydroids,  and 

♦  An  example  of  this  in  the  Hamilton  group  of  Eighteen  Mile  Creek  is  the  fauna  of  the 
Demissa  bed,  near  the  top  of  the  Hamilton  shales,  which  is  in  manv  respects  the  fauna  of 
the  Pleurodictyiim  beds  and  associated  shales  near  the  base  of  the  Hamilton  shales,  the 
modifications  being  chietly  in  the  form  of  additions.  (See  the  author's  paper  on  Faunas  of 
the  Hamilton  Group,  etc.,  p.  312.)  Other  examples  are  the  freouent  recurrence  of  beds 
crowded  with  Liorhynchxis  multicostus,  and  others  crowded  w  Itn  Aniboccelia  umbonata, 
at  intervals  separated  by  thicknesses  of  greater  or  less  extent,  in  which  they  are  rare  or 
wanting, 

t  The  mero-plankton  of  the  fluvial  realm  belongs  in  general  to  the  same  classes  as  that 
of  the  marine  realm.  In  the  terrestrial  realm,  the  mero-plankton  is  typically  represented 
by  the  spores  and  seeds  of  plants,  and  perhaps  by  the  spores  or  larval  stages  of  some  lowly 
aquatic  or  para8itic  animals. 

t  Das  Ptlanzenleben  der  Hochsee  —  Plankton  expedition,  I. 
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bryozoans  attached  to  the  floating*  Sargassnm  and  other 
algae,  and  the  Crustacea,  molluscs  and  other  animals 
living  among  their  branches. 

A  large  number  of  algae,  especially  the  shallow-water 
forms,  have  attached  to  them  sedentary  animals  as  well  as 
other  species  of  algae.  Among  the  animals  hvdroids  and  bry- 
ozoans are  the  most  common,  though  other  sedentary  ani- 
mals, such  as  Spirorbis,  are  frequently  very  abundant.  Ani- 
mals belonging  to  the  vagrant  type  of  the  benthos  are  by  no 
means  rare.  The  large  fronds  of  the  Laminaria,  cast  up  on 
our  northern  shores  during  every  storm,  are  frequently  veri- 
table menageries  of  invertebrate  life, — which  under  favorable 
conditions  may  float  about  for  days.  These  fronds,  for  ex- 
ample, are  commonly  covered  with  a  dense  growth  of  the  deli- 
cate littoral  hydroid  Obelin  geniculata,  while  Bugula  and 
other  Bryozoa,  and  Spirorbis  are  usually  common.  The  hol- 
low stem  is  commonly  surrounded  by  an  extensive  growth  of 
Membranipora,  while  not  infrequently  tubularian  and  other 
hydroids  find  this  a  suitable  resting  place.     The  root-like 

base  of   the   stem    not   uncommonlv  embraces   a  shell    of 

t/ 

Modiola  or  Cyprina,  which,  in  turn,  is  overgrown  with  coral- 
hne  algae.  Sponges  are  also  common  among  the  ** roots'^ 
of  the  Laminaria,  and  Acmea,  Chiton,  Crepidula,  Anomia, 
and  other  molluscs  are  attached  to  the  shell,  or  the  stone, 
which  frequently  takes  its  place.  Finally,  worms  and  crusta- 
ceans are  not  uncommon  inhabitants  of  the  sheltering  space 
between  the  branches  of  the  ** roots";  and  sea-anemones, 
small  star-fish,  brittle  stars,  and  sea-urchins  also  occur, 
both  on  the  basal  portion  of  the  stem  and  on  the  frond 
itself.  Such  floating  menageries  may  be  carried  far  out  to 
sea,  or,  what  is  perhaps  more  frequent,  they  are  driven  on 
shore.  Not  infrequently  they  are  carried  far  up  into  estu- 
aries, and,  becoming  stranded,  are  buried  in  the  mud;  or 
else  they  are  thrown  upon  mud-flats,  behind  some  shelter- 
ing bar  or  ledge. 

While  these  cases  illustrate  a  pseudo-planktonic  existence 
due  to  accident,  the  cirriped  Lepas  illustrates  an  habitually 
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pseiido-planktonic  existence,  this  barnacle  rarely  occurring 
except  an  attached  to  floating  objects.  Many  of  the  animals 
found  on  the  Sargassum  seem  to  l)e  characteristic  of  it  in  its 
floating  condition,  not  occurring  on  it  in  its  native  haunts. 
(Ortmann.)  Walther  has  adduced  evidence  which  goes  to 
show  conclusively  that  many  of  the  larger  fossil  Pentacrini, 
and  perhaps  other  crinoids,  occurred  with  their  stems  wound 
around  floating  timbers,  and  he  explains  the  occuri-ence  of 
these  marine  animals  in  fresh-water  coal  strata  as  due  to 
stranding  in  estuaries  of  species  leading  a  pseudo-plank- 
tonic  existence. 

BioxoMic    Characteristics    of    the    Classes   of   Marine 

Invertebrates  Important  from  a  PAL.ioN- 

TOLOGiCAL  Point  of  View. 

Foraminifera. —  The  Foraniinifera  are  typically  marine 
organisms,  though  a  considerable  number  of  si>ecies  have 
l>ecome  adaptefl  to  brackish  water,  living  in  estuaries  and 
near  the  mouths  of  streams,  while  a  niunber  of  species,  com- 
monly placed  in  this  class,  live  entirely  in  fresh  water.  Their 
distribution  is  so  great  that  scarcely  any  marine  sediments 
are  whollv  frt*e  from  the  shells  of  these  animals.  Most  Fora- 
minifera  Mong  to  the  vagi'ant  benthos,  though  sedentary  ben- 
thonic  forms  also  occur.  Only  something  over  twenty  living 
j)laiiktonic  s[>ecies  are  known,  these  belonging  chiefly  to  the 
genera  Globigerina,  Orbulina,  and  Pulvinuliiia  (HsBckel),  the 
first  pj-edoniinating.  The  small  number  of  species  is, 
however,  connterbnlanced  hv  the  enormous  number  of  indi- 
viduals.  The  bentlionic  Foraminifera  are  confined  chiefly  to 
th<'  littoral  district,  where  the  character  of  the  bottom  and 
the  temp(M*atnre  of  the  water  exerts  important  influences  on 
the  distribution  of  these  organisms.  A  muddy  facies  of  the 
sea  bottom  seems  to  be  coiiducive  to  the  existence  of  a  large 
number  of  s|)ecips,  but  the  rocky  bottoms  are  not  without 
their  types:  while  alga*  and  sea-grass<»s  commonly  form 
the  home  of  vast  numbers  of  these  organisms.    The  coarse, 
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sandy  and  gravelly  bottoms  are  not  generally  inhabited  by 
these  animals,  though  their  dead  shells  ai'e  not  uncommon 
in  the  sands  along  our  beaches;  while  along  some  shores 
they  are  so  abundant  as  to  constitute  the  greater  portion, 
if  not  the  whole,  of  the  deposit.*  The  vertical  range  of  the 
benthonic  Foraminifera  is  very  great,  species  sometimes 
passing  through  a  range  of  several  thousand  fathoms.  In 
such  cases  there  is  often  a  change  in  the  size  or  thickness  of 
the  shell  with  the  change  in  depth.  Although  the  planktonic 
Foraminifera  comprise  so  few  species,  the  number  of  their 
individuals  is  enormous.  From  their  shells  the  Globigerina 
oozes  form  in  deep  water,  where  no  sediment  is  carried ;  but 
it  is  ev  ident  that  in  a  region  where  the  land  is  reduced  to 
near  base  level,  so  that  little  or  no  sediment  is  carried  into 
the  sea,  pure  accumulations  of  such  shells  will  occur  near 
shore,  thus  forming  a  foraminiferal  ooze  in  shallow  water. 
But  not  only  planktonic  shells  but  the  benthonic  species  as 
well  would  form  a  pure  accumulation  of  foraminiferal 
shells,  as  has  been  the  case  in  the  chalk,  in  which  the  plank- 
tonic species  are  practically  wanting.  (Walther,  '97,  p.  215.) 
Reproduction  of  the  Foraminifera  is  carried  on  by  fission, 
budding,  and  spore  formation.  In  the  first  two  cases,  the 
resulting  part  and  the  buds  have  the  characteristics  of  the 
parent,  except  its  size,  and  there  are  no  special  structures 
wiiich  serve  for  the  greater  distribution  of  the  species. 
When  spores  are  formed,  these  may  be  provided  with  a 
fiagellum,  when  the  organisms  pass  through  a  mero-plank- 
tonic  stage. 

While  the  geographical  distribution  of  the  benthonic  spe- 
cies is  verv  resti'icted,  and  influenced  bv  the  facies  of  the  sea 
bottom,  the  geographical  distribution  of  the  pelagic  species 
is  prevented  from  being  world  wide  only  by  the  changes  in 
the  temperature  of  the  water  and  by  the  ocean  currents. 
The  pelagic  species  are  extremely  abundant  in  tropical 
regions,  and  their  shells  form  vast  accumulations  on  the  sea 

*  Dana  states,  that  in  th«^  ^reat  barrier-reef  region  the  shells  of  Orbitolites  are  so 
abundant  that  ♦  *  "  they  seemed  in  some  places  to  make  up  the  whole  sand  of  the 
beaches,  both  of  the  coral  islets  and  of  the  neighlx)rin|^  Australian  shore."" 
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bottoms  over  which  they  hve.  In  the  great  depths  these 
shells  are  absent,  for  they  may  be  completely  dissolved  while 
they  sink  to  the  bottom,  or  shortly  after  reaching  it. 

Radiolaria, —  The  Radiolariaare  marine  planktonic  Proto- 
zoa.    They  inhabit   i)rincipally  the   open  sea,  where  they 
occur  at  the  surface  or  at  various  depths  below  it.     In  re- 
gions of  terrigenous  sedimentation  or  where  an   influx  of 
fresh  water  occurs,  theseahimalsareseldom  met  with.    Hence 
their  siliceous  shells  occur  in  abundance  only  in  the  deposits 
found  at  a  distance  from  shore,  and  in  deep  water,  where 
they  may  constitute  as  high  as  seventy  per  cent  of  the  mass. 
The  greatest  abundance  of  radiolarian  skeletons  was  found 
by  the  ** Challenger"  expedition  at  a  depth  between  2,000 
and  4,475  fathoms  —  the  greatest  depth  sounded.    In  many 
places  in  the  Pacific  the  bottom  ooze  is  almost  entirely  com- 
posed of  radiolarian  shells  with  some  intermixture  of  sponge 
spicules.    The  celebrated  Barbados  earth,  a  Tertiary  deposit, 
is  likewise  composed  of  radiolarian  remains,  to  the  exclusion 
of  almost  every  other   substance.     Fission,  budding,  and 
spore  formation  constitute  the  methods  of  reproduction  in 
Radiolaria.    The  spores  may  be  provided  with  flagella,  con- 
stituting ^' swarm  spores,"   which,  like  their  progenitors, 
lead  a  planktonic  existence. 

Spongiiv. —  The  sponges  ate  marine  or  fresh-water  animals, 
of  a  sedentary  benthonic  habit.  In  general  only  such  si)ecies 
as  secrete  a  calcareous  or  siliceous  skeleton — either  continu- 
ous or  consisting  of  separate  spicules  —  are  capable  of  preser- 
vation in  a  fossil  state.  The  vertical  distribution  of  marine 
species  ranges  from  the  shore  zone  down  to  the  greater 
depths  of  the  sea.  Not  infrequently  species  are  found  which 
regularly  undergo  an  exposure  of  several  hours  between 
tides,  though  most  littoral  species  occur  below  low-water 
mark,  or  in  tide  pools  from  which  the  water  is  never  drained. 
Sponges  will  grow  wherever  a  suitable  surface  for  attach- 
ment is  found,  the  most  usual  substratum  chosen  being 
cliffs,  boulders,  or  the  stems  and  "roots"  of  the  larger  algae. 
In  deeper  and  quieter  water,  the  sandy  and  gravelly  bottoms 
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are  inhabited  by  sponges,  and  in  the  {i^eat  depths  they 
occur  on  the  oozes  and  other  soft  deposits.  A  pseudo- 
vagrant  benthonic  habit  is  assumed  by  a  number  of  species 
which  attach  themselves  to  the  carapaces  of  Crustacea. 
Certain  sponges  bore  into  shells  and  other  calcareous  sub- 
stances, forming  extensive  galleries  and  commonly  destroy- 
ing the  shell.  Clione  sulphurea,  common  on  our  Atlantic 
coast,  completely  riddles  shells,  and  then  forms  large  irreg- 
ularly rounded  masses  of  a  sulphur  yellow  color,  often 
entirely  enveloping  the  shell. 

The  reproduction  of  the  sponges  is  either  asexual  or  sex- 
ual. In  the  former  case  buds  are  formed,  which,  growing 
larger,  without  detaching  themselves  put  out  buds  of  their 
own,  thus  forming  a  colonial  aggregation.  Sponges  torn 
into  several  pieces  will  frequently  form  as  many  new  individ- 
uals, and  sponges  which  were  placed  in  close  juxtaposition, 
by  Bowerbank,  in  a  relatively  short  time  united  into  one.  A 
method  of  internal  gemmation  occurs,  in  which  groups  of 
cells,  or  gemmuhe,  become  detached  and  after  a  time  develop 
into  complete  sponges.  Sexual  reproduction,  from  either 
hermaphrodite  or  sexually  distinct  parents,  leads  to  a  free 
swimming  blastula.  This  develops  into  a  gastrula,  which 
attaches  itself  and  develops  into  the  adult.  Thus  a  mero- 
plank tonic  stage  occurs  in  sponges,  which  serves  as  a  means 
of  extensive  distribution. 

Hydrozoa. —  The  Hydrozoa  are  typically  marine  Coelente- 
rates,  though  a  few  species  occur  in  fresh  water.*  Some 
8cyphomedusae(Aurelia,  Cyanea),  according  to  Moseley,seem 
to  prefer  to  float  near  the  mouths  of  fresh-water  streams ; 
while  in  New  South  Wales  these  medusa?  were  observed 
swimming  in  shoals  where  the  water  was  pure  enough  to 
be  drinkable.  The  majority  of  species  have  a  sedentary 
benthonic  stage,  the  hydriform  stage,  which  is  generally 

*  To  the  three  fresh-water  speclen  of  hydroids  —  Hydra  viridis,  H.  fusca  (vulgaris),  and 
Cordilophora  tacusfr/a  —  none  of  which  possess  a  medusiform  stage,  has  recently  \yeeu 
added  Ae  remarkable  fresh-water  medusa  of  Lake  Tanganyika  :  Limnocnida  tanqan- 
yikoe  OUnther,  which,  together  with  a  peculiar  molluscan  and  fish  fauna,  seems  to  indfcate 
that  Lake  Tanganyika  is  a  *'  cut-oflf ''  from  the  Mesozoic  sea,  with  a  fauna  which  has  grad- 
ually become  culapted  to  lacustrine  conditions. 
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colonial,  the  compound  polype  stock  being  attached  to  rocks, 
algae,  shells,  timbers,  or  other  objects  of  support,  by  means 
of  a  thread  like  branching  rootstock  or  hydrorhyza,  which 
spreads  out  over  the  object  of  support  and  from  which  the 
individual  polyparia  arise,  each  with  a  distinct  stem  or 
hydrocaulus.  A  few  forms,  like  Hydraetinia  polyclina  and 
some  Podocoryne,  lead  a  pseudo-vagrant  benthonic  life, 
being  attached  to  the  shells  of  gastropods  carried  about  by 
hermit  crabs.  Some  species,  like  Bougainvillia  fi'uticosa, 
prefer  a  pseudo-planktonic  habit,  becoming  attached  to 
floating  timbers,  a  similar  habit  being  assumed  by  the 
hydroids  which  live  attached  to  the  floating  Sargassum.  A 
pseudo-nektonic  manner  of  life  may  perhaps  be  considered 
the  habit  of  Hydrichthys,  which  lives  parasitic  upon  a  fish. 
Coryinorpha  pendula,  though  not  attached,  lives  partly 
buried  in  the  mud  of  the  shallow  sea;  while  Hydra  leads, 
at  times  at  least,  a  kind  of  vagrant  benthonic  life,  though 
its  journeyings  are  perhaps  never  very  great. 

A  large  number  of  Hydrozoa  have  a  distinct  medusiform 
person,  which,  when  perfect,  is  perhaps  the  best  type  of  aholo- 
planktonic  organism.  In  a  few  Hydrozoa — Hydra,  Sertu- 
laria  (?) — the  medusiform  stage  is  wanting,  in  others  it  is 
degenerate,  never  becoming  free  (Clava) ;  but  in  a  large 
number  of  sj>ecies  it  is  a  free  individual.  Again,  in  the  Xarco- 
and  Tracho-Medusae,  as  well  as  in  some  others,  only  the 
medusa  occurs,  the  hydroid  being  suppressed.  Compound 
medusie  occur  as  well  as  compound  hydroids.  The  former 
are  the  Siphonophora,  in  which,  by  budding  from  the  parent 
medusa,  a  compound  colony  is  formed  which  leads  a  holo- 
plank tonic  existence.  Lucernaria  is  an  example  of  an 
attached  medusa.  The  medusa?,  whether  fret*  or  attached, 
produce  the  sexual  products  which  give  rise  to  new  hydroid 
colonies  or  directly  to  new  medusie.  The  egg  develops  into 
a  ciliated  ])lanula  which  leads  a  mero-planktonic  existence 
before  it  settles  down  to  become  a  benthonic  hvdroid,  or 
before  it  develops  into  the  medusa.  A  number  of  hydroids 
grow  attached  to  rocks  and  seaweeds,  or  to  bridge  piles,  in 
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such  a  position  as  to  become  regularly  exposed  for  several 
hours  each  dav  duriner  ebb  tide.  Even  the  delicate  and 
unprotected  Clava  of  our  northern  shores  delights  to  live 
under  such  conditions,  and  is  rarely  found  in  deeper  water 
or  in  tide  pools.  Most  hydroids,  however,  can  not  with- 
stand such  exposure,  and  hence  they  are  found  only  in  the 
deeper  waters  or  the  deeper  tide  pools. 

The  majority  of  hydroids  are  inhabitants  of  the  littoral 
district,  and  they  usually  occur  in  the  more  moderate  depths. 
The  tubularian  hydroids  probably  never  extend  to  any  con- 
siderable depths,  the  deep-water  forms  belonging  chiefly  to 
the  Plumularidae.*  One  of  the  abyssal  Plumularians  was 
obtained  by  the ''Blake''  at  a  depth  of  1,240  fathoms,  which 
exceeded  by  more  than  800  fathoms  that  at  which  Plumul- 
arians  were  obtained  by  the  '* Challenger." f 

The  Palaeozoic  class  of  graptolites  is  the  most  important 
group  of  the  Hydrozoa  from  a  stratigraphist's  point  of  view, 
for  it  constitutes  one  of  the  most  important  classes  of  index 
fossils  known.  The  bionomic  characters  of  this  class  have 
been  most  thoroughly  discussed  by  Professor  Lapworth, 
a  synopsis  of  whose  views  will  here  be  given. $ 

Two  distinct  groups  of  Graptolites  are  generally  recog- 
nized, viz:  Cladophora,  or  dendroid  graptolites,  in  which 
the  polyparium  is  more  or  less  tree-like  with  a  distinct 
hydrocaulus,  and  Rhabdophora,  or  virgiilate  gra])tolites, 
without  a  hydrocaulus,  but  with  a  horny  axis,  the  virgula, 
which  is  prolonged  beyond  the  end  of  the  colony.  To  the 
former  group  belongs  Dvctyonema,  to  the  latter  the  true 
graptolites  (M()nogra[)tus,  Diplograptus,  etc.).  The  major- 
ity of  the  dendroid  graptolites  undoul)tedly  grew  attached 
to  sea-weeds,  rocks,  or  other  supports,  in  the  manner  of 
most  modern  hydroids,  but  some  were  attached  to  floating 
alg^e,  leading  a  pseudo-planktonic  existence.  Cases  of 
such  attachment  have  actually  been  observed  among  these 
fossils. 

*  Agassiz,  '88,  H.,  36. 
t  Agassiz,  loc.  cit. 

*  Walther,  '97. 
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According  to  Ruedeinann's*  observations  the  young  Diplo- 
graptus  upon  leaving  the  gonophore  has  already  advanced 
into  the  sicula  stage,  so  that  a  free-swimming  planula  stage 
appears  not  to  exist.  It  is  probable  that  this  is  true  of  most, 
if  not  all,  graptolites,  and  that  hence  the  distribution  of 
these  animals  is  such  as  will  be  accounted  for  by  the  vicissi- 
tudes which  they  met  with  while  a  floating  colony. 

Anthozoa, —  The  Anthozoa  are  typically  marine  sedentary 
benthonic  animals,  inhabiting  chiefly  the  warmer  waters  of 
the  oceans.  A  large  number  are  without  hard  supporting 
parts,  and,  consequently,  leave  no  remains;  while  others, 
probably  the  majority  of  Anthozoa,  secrete  a  calcareous  or 
horny  corallum,  which  is  capable  of  preservation.  Among 
the  Actinaria,  or  fleshy  polyps,  a  certain  amount  of  locomo- 
tion of  a  creeping  or  gliding  nature  is  often  observable 
(Metridium,  etc.),  the  individuals  possesshig  this  ability 
thus  passing  from  a  normal  sedentary  to  a  vagrant  ben- 
thonic life.  A  few  forms  are  also  met  with  among  the  plank- 
ton. Occasionally,  pseudo-[)lanktonic  individuals  are  met 
with  attached  to  floating  algie  or  timbers,  and  pseudo- 
vagrant  benthonic  individuals  attached  to  moving  crusta- 
ceans are  not  unknown. 

The  Madre[)oraria,  or  stone  corals,  are  normally  seden- 
tary forms,  though  they  are  not  necessarily  attached,  but 
may  rest  upon  the  sands.  (Fungia,some  Porites.)  Though 
the  normal  medium  of  the  Anthozoa  is  salt  water,  a  few  are 
known  in  brackish  and  even  in  tolerably  fresh  water.  Cilicia 
rubeola  is  rejjort-ed  by  the  '^  Challenger"  f  in  the  river  Thames 
in  New  Zealand;  and  T)ana$  states  that***  *  *  upon  the 
reefs  enclosing  the  harbor  of  Kewa  (Viti  Lebu),  where  a 
large  river,  three  hundred  yards  wide,  empties,  which  during 
freshets  enables  vessels  at  anchor  two  and  a  half  miles  off 
its  mouth  to  dip  up  fresh  water  alongside,  there  is  a  single 
porous  si)ecies  of  Madrepora  (.1/.  cribripora),  growing  here 


♦Ruedemann,  R.,  Development  and  Mode  of  Growth  of  Diplograptus.    McCoy.    14th 
Ami.  Rep.  N.  Y.  State  (Jeol.,  1895,  pp.  219-249,  Pis.  I.-V. 

t  Report,  Vol.  XVI.,  IT.,  p.  .%. 

t  Corals  and  Coral  Islands,  1872,  p.  120. 
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and  there  in  patches  over  a  surface  of  dead  coral  rock  or 
sand.  In  similar  places  about  other  i^e^ons  species  of 
Porites  are  most  common.''  Several  species  of  corals  g^ow 
at  the  mouth  of  the  Rio  della  Plata. 

Porites  limosa  flourishes  in  muddv  water  and  Astr^ea 
howerhanki  does  not  seem  to  mind  mud  or  sediment,  or  even 
muddy  brackish  water,  growing  on,  and  incrusting  the 
stones  at  the  mouth  of  the  Mangrove  CT-eek,  Australia,  these 
stones  being  covered  with  mud  and  slime,  and  washed  over 
twicc^  in  the  twenty-four  hours  bv  muddv,  brackish  water. 
(Tenison-Woods.)  A  common  Red  Sea  coral,  Stylopbora 
pistillata,  is  recorded  by  Milne  Edwards  and  Haime  from  the 
inteiiH(»ly  salt  and  dense  waters  of  the  Dead  Sea. 

The  simple  corals  (Caryo])hyllia,  etc.)  are  chiefly  found  on 
muddy  bottoms,  often  attached  to  a  shell  or  other  object 
resting  on  the  mud.  The  bathymetric  distribution  varies 
from  shallow  water  to  a  thousand  fathoms  or  more.  This 
method  of  life  correspondH  well  with  what  is  known  of  the 
Paheozoic  Tetrneoralla,  which  commonly  liv^ed  on  a  muddy 
bottom,  with  their  base^s  not  infrequently  showing  signs  of 
attachment  to  shells  or  other  foreign  objects.  The  com- 
])()nn(l  corals  build  heads  or  stocks  often  of  great  size  and 
W(»igh1.  T1h\v  are  commonly  attached  to  stones,  shells,  or 
to  the  rock  bottom,  and  through  rapid  increase,  by  budding 
()!•  division,  masses  of  great  size  nuiy  be  formed  over  a  small 
obj(»ct  of  sii])p()i't.  KviMi  on  muddy  bottoms  a  small  object 
of  Hn])])()r1  may  serve  as  the  nucleus  around  which  a  coral 
mass  will  grow,  which,  as  it  increases  in  size  and  weight, 
will  sink  moi-e  or  less  (l(»e])ly  into  the  mud  on  which  it  rests. 

The  ty|ucal  comjxiund  or  rec^f-corals  are  very  restricted  in 
tluMr  bathvinctrical  distribution.  Thev  do  not  normallv 
(KM'ur  below  lifty  fat  horns,  and  the  majoi'ity  live  in  less  than 
twenty  fathoms  of  water.  \'ei*v  nmny,  indet^d,  live  so  close 
to  the  surface  as  lu  be  ex|K)sed  at  the  lowest  tides.  A 
mininunn  annual  temp(M'ature  of  twenty  d(»grees  Centigrade 
marks  the  regions  in  which  most  rei»f-building  corals  occur, 
though   in   a   finv   castas    colder    regions  are  known    to    be 
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inhabited  by  true  reef-builders.  In  all  seas,  however,  which 
are  subject  to  freezing:,  or  are  regularly  invaded  by  floating 
ice,  reef-building  corals  cannot  thrive,  and  hence  the  occur- 
rence of  modern  or  ancient  coral  reefs  is  a  reliable  indication 
of  a  minimum  winter  temperature  above  freezing. 

The  reproduction  of  the  Anthozoa  is  both  asexual  and 
sexual.  The  asexual  method  is  carried  on  bv  fission  and 
budding,  the  new-formed  corallites  commonly  remaining 
united  with  their  parents,  thus  producing  colonial  forms. 
In  some  cases,  however,  the  buds  will  become  free  and  begin 
an  independent  life.  (Fungia,  Balanophyllia,  etc.)  New 
colonies,  however,  are  chiefly  begun  by  sexually  generated 
individuals.  Fi'om  the  fei-tilized  egg  develops  a  mero- 
planktonic  ciliated  embryo,  not  unlike  in  appearance  to 
the  planula  of  the  Hydrozoa.  After  attachment,  this 
develops  into  the  l)olyp,  which  early  begins  to  secrete  its 
hornv  or  calcareous  corallum. 

4.' 

Crinoidea. — The  crinoids  are  without  exception  marine  or- 
ganisms, though  Antedon  rosacea  has  been  taken  in  water 
containing  only  2.5  per  cent,  of  salts,  or  nearly  a  third  less 
than  in  normal  sea  water.  The  majority  of  crinoids  belong 
to  the  sedentary  benthos,  being  anchored  or  attached  to  the 
sea  bottom  either  l)v  a  stem  or  by  the  base  of  the  calvx. 
Antedon  must  be  classed  with  the  vagrant  benthos,  for 
although  it  ordinarily  rests  on  the  sea  bottom  or  other  sta- 
tionary objects  of  support,  it  is  able  to  walk  about  on  the 
bottom  by  means  of  its  arms;  and  also  to  swim  with  grace- 
ful movements  through  the  wati^*.  Planktonic  crinoids  ap- 
pear to  have  existed  in  the  Mesozoic  seas  (Saccocoma, 
Uintacrinus),  and,  as  already  noted,  Walther  has  furnished 
evidence  which  indicates  that  some  of  the  stemmed  Penta- 
ci'ini  of  the  Lias  lead  a  pseu(lo-[)lanktonic  life,  growing  at- 
tached to  floating  timbers  with  w^hich  they  were  carried 
about,  calyx  downward.  The  bathymetrical  distribution  of 
the  modern  crinoids  ranges  from  shallow  water  to  2,000 
fathoms,  rarely  more.  One  species  of  Antedon  [A.  ahyssicola 
Carp.)  has  been  obtained  at  a  depth  of  2,900  fathoms,  but 
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most  of  the  species  of  this  genus  live  in  shallow  water, 
A,  loveni  Beel  occurring  in  three  to  four  fathoms.  This 
genus  is  perhaps  the  most  cosmopolitan  of  modern  crinoids, 
its  geographic  range  being  between  eighty  degrees  northern 
and  fifty-two  degrees  southern  latitude.  The  following 
modern  stalked  crinoids  have  been  obtained  in  less  than 
ninety  fathoms  of  water :  * 

Eiidiocrinus  indivisusSemp.,  30  fathoms. 
Metacrinus  rotundus  Carp.,  70  fathoms. 
Pentacnnus  asterius  L.,  80  fathoms. 
P.  decorus  Wv.  Th.,  84  fathoms. 
P.  mulleri  Oevst,  84  fathoms. 
Promachocrinus  kerguelensis  Carp.,  28  fathoms. 
Rhizocrinus  lofotensis  Sars,  80  fathoms. 
li.  rawsoni  Pourt.,  73  fathoms. 

The  egg  of  Antedon  develops  into  an  egg-shaped  mero- 
plank tonic  larva,  which  has  a  tuft  of  long  flagella  on  the 
anterior  end,  and  five  ciliated  rings  surrounding  it.  No 
mouth  or  anus  is  present.  The  embryo  swims  about  for  a 
length  of  time,  varying  from  a  few  hours  to  several  days, 
and,  on  settling  down  to  a  benthonic  life,  attaches  itself  at  a 
pointon  the  ventral  side  between  the  first  and  second  ciliated 
rings.  The  whole  anterior  part,  as  far  as  the  third  ciliated 
ring,  becomes  the  stalk,  the  posterior  part  devehjping  into 
the  calvx.  In  Antedon  the  stem  is  retained  onlv  during  the 
earlier  stages  of  development,  the  adult  animal  being  free. 

Asteroideii,  Ophiuroidcn. —  These  belong  to  the  marine 
vagrant  benthos,  living  mainly  in  shallow  water  or  in  mod- 
erate depths,  though  some  species  descend  to  depths  of  2,000 
fathoms  or  over.  8ome  littoral  starfish  can  undergo  an 
exposure  for  sevei-al  hours  in  regions  laid  bare  by  the  tide. 
A  sandv  or  nuiddv  l)ottom  secerns  to  be  the  most  chai*acter- 
istic  facies  for  these  animals,  and  from  such  bottoms 
thousands  are  often  brought  up  in  a  single  haul  of  the 
dredge.    Their  relative  scarcity  in  beds  in  which  they  are 


*-Froin  list  given  by  Walther  in  '94,  pp.  298-^00. 
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known  to  occur  is  probably  due  to  the  fact  tlmt  after  tlie 
death  of  the  animal  the  skeleton  quickly  falls  apart  into  its 
component  plates,  which  become  separately  embedded  in  the 
sediments.  In  the  majority  of  the  Asterozoa  mero-plank- 
tonic,  bilaterally  symmetric,  ciliated  larvje  occur,  which  in 
the  Asteroiden  are  known  as  Bipinnaria  and  Brachiolaria, 
and  in  theOj)hiuroidea  as  Pluteus.  These  are  often  found  in 
great  numbers  in  the  pela<2^ic  fauna. 

Echinoidea, — The  Echinoids,  or  Sea  Urchins,  are  without 
exception  marine  vagrant  benthonic  animals,  liyin^  usually 
in  large  numl)ers  in  moderate  depths.  A  few  species 
descend  to  depths  between  2,000  and  8,000  fathoms,  but 
the  majority  prefer  the  shallow  portions  of  the  littoral 
districts.  On  the  coa«tof  Maine  thousands  of  Stvon^ryloceU' 
trotus  drobachiensis  are  exposed  at  very  low  tides,  lying 
among  stones  and  covered  with  fragments  of  shells  and 
with  small  pebbles.  The  Echinoidea  delight  in  a  sandy  bot- 
tom, from  which  they  are  brought  up  in  yast  numbers  at 
each  haul  of  the  dredge.  Some  species  prefer  fine  mud,  in 
which  they  are  often  buried  to  some  extent.  When  Hying  on 
rocks,  they  commonly  bore  holes  for  themselves,  and  even 
the  solid  granite  has  been  known  to  be  thus  attacked  by  the 
animal.  If  corners  and  crannies  are  available,  these  are 
often  occupied  by  the  animal  in  j)reference  to  a  drilled  hole. 

The  larva  of  Echinoidea  is  known  as  a  Pluteus,  and  is  a 
mero-planktonic,  bilaterally  symmetrical,  commonly  more 
or  less  ciliatfHl  organism,  with  a  number  of  processes  or 
arms.  It  is  often  carried  by  marine  currents  to  great  dis- 
tances, remaining  in  some  cases  afloat  for  several  weeks  be- 
fore settling  down. 

Holothuroiden. — The  Holot  hurians  are,  like  the  Echinoide*a, 
marine  benthonic  organisms,  but  their  habit  of  life  is  often 
more  sedentary  than  vagrant,  tlie  aninmls  being  buried  in 
the  sand  and  mud,  though  neyer  attached.  Their  batliy- 
metric  range  is  frc^m  the  shore  zone,  where  they  may  be  dug 
out  of  the  sand  at  low  tide,  to  the  depths  of  the  abyssal 
district.     Sandv  or  muddy  bottom  is  usually  preferred  by 
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these  animals,  though  many  live  among  coarse  blocks,  and 
vast  numbers  occur  among  the  coral  masses  of  every  coral 
reef.  The  ciliated  larva,  or  Auricularia,  of  the  Holothurians 
is  a  mero-planktonic  organism,  with  definite  mouth  and 
anal  o[>ening. 

From  the  fact  that  only  isolated  plates  occur  in  the  skin 
of  the  Holothurians,  they  do  not  constitute  any  important 
part  of  marine  deposits. 

Nernathelminthes,  Gephvrea,  Annelida. — These  worms  are 
marine, fi'esh-water,  or  terrestrial  animals,  Aviththeexception 
of  the  Gephyrea,  which  are  wholly  marine.  They  belong  chiefly 
to  the  benthos,  though  some  marine  forms  lead  a  partially 
nektonic  existence,  while  others  are  typically  planktonic. 
Among  the  benthonic  species  all  grades  of  a  sedentary  life 
are  observable,  from  the  tube-building  orders,  which  live 
permanently  in  attached  tubes,  to  those  which  only  tem- 
porarily occupy  a  given  area.  Tubicolar  worms,  which,  like 
Spirorbis,  attach  their  tubes  chiefly  to  algje,  may  often  lead 
a  pseudo-plank  tonic  existence  when  such  alga?  are  torn  h*om 
their  anchorage  and  drifted  away  by  currents. 

Muddy  bcjttom  seems  to  be  the  favorite  haunt  of  the 
littoral  species,  except  such  forms  as  build  attached  tubes 
(e.  g.,  Serpulidie,  etc.),  which  occiii)y  stony  and  shelly  bot- 
toms. These  latter  often  build  extensive  reefs  of  interwoven 
calcareous  tubes. 

Besides  calcareous  tubes,  many  worms  build  tubes  of 
agglutinated  sand  grains  or  shell  particles,  and  worms  liv- 
ing in  the  shells  of  dead  mollusea  are  frequently  met  \vith. 
These  agglutinated  sand  tubes  are  often  very  resistant, 
sometimes,  with  the  castings,  covering  the  mud  flats  and 
beaches  in  great  numbers,  find  not  infrequently  being  heaped 
together  in  windrows.  The  dredge  often  brings  large  num- 
bers of  these  tubes,  together  with  numerous  castings,  from 
the  deeper  water.  The  bathymetric  distribution  of  the 
worms  is  varied.  The  majority  are  undoubtedly  littoral 
species,  but  deep-sea  forms  are  also  common.  Beyond  the 
hundred  fathom  line,  the  tubicolar  Annelids  are  the  most 
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characteristic,  specimens  having  been  obtained  from  a  depth 
of  4,000  fathoms  off  Teneriffe.  ( *^  Challenger.")  Other  worms 
also  occur.  Even  species  of  the  same  genus  have  a  widely 
varying  distribution  in  depth.  Thus,  the  tubicoloid  genus 
Spirorbis  has  its  littoral  s])ecies  grooving  within  the  shore 
zone;  while  another  species,  S.  nautihides,  has  been  dredged 
at  a  de[)th  of  700  fathoms.  Similarly,  the  Gephyrean  Phas- 
colosonia  is  represented  along  our  northern  shores  by  a 
species  living  in  the  mud  and  sand  above  low'tide,  while  the 
"Blnke"  brought  up  a  species  in  a  Dentalium  shell  from  a 
de[)th  of  1,568  fathoms.* 

Among  the  Annelids  the  family  Eunicidae  is  of  particular 
interest,  in  that  its  several  members  are  characteristic  of 
different  bathymetric  zones,  thus  furnishing,  in  a  measure,  an 
index  to  the  bathymetric  position  of  the  fauna  which  they 
characterize.  This  family  is  well  represented  in  the  litho- 
graphic shales  of  Bavaria.  (Ehlers.)  Among  the  worms, 
regeneration  of  lost  parts,  and  generation  of  new  individu- 
als from  fragments  of  old  ones,  is  not  uncommon.  Thus  in 
one  of  our  common  pelagic  worms  —  Autolytus — swimming 
buds  carrying  the  sexual  products  are  periodically  con- 
stricted off,  each  regenerating  a  new  head,  with  highly 
dev(»l()ped  eyes,  at  the  anterior  end.  The  earth  worm  — 
Lunibriusc  —  falls  into  pieces  in  autumn,  all  of  which  are 
able  to  regenei-ate  into  complete  animals. t 

A  mero-planktonic  ciliated  larva,  the  Trochophore,  is 
charactei'istic  of  worms,  this  being  the  product  of  a  sexual 
mode  of  rei^i-od action.  These  larv^e  are  often  obtained  in 
vast  numbei's  in  the  tow-net,  together  with  other  mero- 
planktonic  and  many  holo-planktonic  forms. 

Bryozon. —  The  Bryozoa  are  marine  or  fresh  water,  chiefly 
colonial,  henthonic  animals.  A  few  occur  parasitic  on  a 
living  substratum,  but  the  majority  of  species  are  epiphy- 
tically attached  to  organic  or  inorganic  objects,  either 
basally  or  in  an  encrusting  manner.    The  majority  of  species 


♦  A^assiz,  "8H,  H.,  53. 

t  Lan^,  A.— Text  book  of  Comparative  Anatomy. 
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are  marine,  and  their  bathymetric  distribution  ranges  from 
the  shore  zone,  where  they  arf*  exposed  at  lov^-  tide,  to  the 
abyssal  depths,  a  species  of  Bifaxia  having  been  obtained 
below  3JMX)  fathoms.  The  majority  of  species,  however, 
live  in  moderate  depths.  While  the  Bryozoa  normally  lead  a 
strictly  serlentary  benthonic  life,  a  few  species  may  drift 
abf^ut  with  the  seaweed  to  which  they  are  attached,  thus 
assuming  a  pseudo-planktonic  habit. 

The  egg  of  the  bryozoan  develops  into  a  mero-plank- 
tonic,  ciliated  larva,  which  later  on  settles  down,  becomes 
attached,  and  develops  into  a  full-grown  individual,  which, 
by  budding,  produces  the  colony. 

Brachiopoda. — The  Brachiopoda  are  marine  benthonic 
organisms,  of  exceptional  stratigraphic  importance,  since 
they  are  to  a  high  degree  dependent  on  the  facies  of  the  sea 
bottom.  While  typically  marine,  some  8i)ecies  can  become 
adapted  to  brackish  and  even  fresh  water.  Thus  Davidson* 
states  that  at  Trias  Cove  whole  colonies  of  Terebratulina, 
septentrionalis  were  discovered  on  stony  bottom  in  clear 
fresh  water.  Some  sjiecies  of  Terebratula  and  Lingula  can 
withstand  a  considerable  exposure,  the  former  having  been 
noted  out  of  water  for  hours  together  at  low  tide.  Lingula 
is  buried,  by  means  of  its  long  fleshy  peduncle,  in  the  sand 
near  sliore;  Crania  is  attached  to  rocks  and  shells  by  its 
shell;  while  the  majority  of  bachiopods  are  attached  by 
their  fleshy  j)edicle8  to  rocks,  shells,  corals,  or  to  one  an- 
other. Thev  seldom  live  on  niuddv  or  sandv  bottoms,  but 
are  readily  embedded  in  tliese,  by  becoming  detached  after 
death  from  the  rocks  or  other  objects  to  which  they  adhered. 

The  bathymetric  distribution  of  the  Brachio])oda  ranges 
from  shallow  water  to  2,900  fathoms  (in  one  case),  the 
majority  of  s|)ecies  occuri*in<»:  above  the  hundred  fathom  line, 
while  quite  a  number  hav^e  been  obtained  in  depths  of  ten 
fathoms  or  less.  A  number  of  species  have  an  individual 
range  of  several  hundred  fathoms,  this  ran<>;ein  one  or  two 
cases  being  nearly  800  fathoms. 

♦  Mon.  Rec.  Brach.,  T.,  p.  5.*H. 
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The  niero-planktoiiic  larva  of  brachiopods  is  known  as 
the  Cephalula,  and  consists  of  a  ciliat^ed  umbrella-like  an- 
terior end,  cariying  four  eyes,  a  middle  portion  carrying  the 
mantle  lobes,  and  a  posterior  portion.  When  the  larva 
becomes  attached  by  the  posterior  end,  which  develops  into 
the  pedicle  of  the  adult,  the  anterior  end  becomes  enveloped 
by  the  forward  turning  mantle  lobes  and  develops  into  the 
body  of  the  brachio])od. 

Pelervpoda. —  The  pelecypods  are  marine  or  fluvial  ben- 
thonic  molluscs,  which  lead  either  a  sedentary  or  a  vagrant 
life.  The  majority  of  species  live  in  the  sea,  but  of  these 
some  can  adapt  themselves  to  brackish  or  even  fresh  Avater. 
Thus,  species  of  Cardium,  Solen,  Mya,  and  other  marine 
pelecypods  have  been  obtained  in  fresh,  or  nearly  fresh, 
water. 

A  number  of  ])elecypods  inhabit  the  shore-zone,  but  the 
majority  of  these  live  buried  in  the  sands  and  muds,  and  so 
are  j)rotected  from  dessication  at  low  tide.  Mytilus  edulis, 
however,  is  a  good  example  of  a  shore  pelecypod,  for  it 
habitually  grows  in  positions  where  it  will  be  periodically 
exposed  at  low  tide.  The  closely  related  Modiola  modiolus, 
which  occurs  on  our  northern  shores  associated  with  the 
preceding,  is,  however,  seldom  exposed,  growing  either  in 
deep  water  or  in  tide  pools  which  are  never  drained. 

Ostrea  arborea  is  another  striking  shore  mollusc,  grow- 
ing in  vast  quantities  on  the  free  roots  of  the  mangrove,  and 
withstanding  a  periodic  exposure  under  a  tropical  sun. 
Ostrea  borenJis,  on  the  other  hand,  is  at  home  only  in  water 
of  several  fathoms  depth. 

The  bathymetric  range  of  the  Pelecypoda  is  very  great, 
and  even  a  single  species  may  have  a  range  of  considerable 
magnitude.  Thus,  while  Mytilus  edulis  does  not  occur 
below  fifty  fathoms,  another  species,  M,  phascolinus,  ranges 
from  the  shoi-e  to  a  depth  of  3,000  fathoms.  In  the  greater 
depths,  the  pelecypods  are  commonly  characterized  hy  ex- 
ceeding delicacy  of  shell  and  sculpture,  the  shell  being  often 
quite  transparent.     Some  deep-water  species  show  bright 
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colors,  but  the  majority  are  pale.  Altogether  there  are 
to  be  found  among  these  deep-water  forms  **  innumerable 
illustrations  of  beauty,  adaptation,  or  unusual  character- 
istics. .  .  ."  (Agassiz.)  In  the  littoral  district,  on  the 
other  hand,  the  thick-shelled  pelecypods  predominate,  and 
this  is  especiall^^  true  of  the  shore  zone. 

Pelecypods,  like  brachiopods,  are  excellent  facies  indica- 
tors, for,  though  they  live  on  all  kinds  of  sea  bottom,  the 
species,  or  at  least  the  faunal  combinations,  are  dependent 
on,  and  characteristic  of,  the  particular  facies  on  which  they 
live.  The  majority  of  pelecypods  are  free  animals,  a  few, 
such  as  the  oyster,  mussel,  and  the  like,  being  attached  to 
foreign  objects — either  by  direct  cementation  or  by  a  byssus. 
The  free  pelecypods  have  frequently  the  power  of  locomo- 
tion, Unio  Mactra  and  others  traveling  occasionally  for  con- 
siderable distances.  Generally,  however,  these  molluscs  lie 
buried  wholh^  or  partially  in  the  sand,  and  never  change 
their  location  except  when  disturbed  by  storm  waves.  Some 
few  pelecypods  (Pecten,  Lima)  have  the  power  of  swimming 
short  distances  by  the  opening  and  closing,  in  rapid  succes- 
sion, of  their  valves,  and  the  forcible  ejection  of  water.  Even 
Solen,  though  normally  a  burrowing  animal,  will  swim  for 
some  distances  in  search  of  the  proper  bottom,  and  it  may 
often  be  seen  circling  around  in  an  aquarium,  by  a  series  of 
jerks,  due  to  the  periodic  ejection  of  the  water  from  the 
siphons.  A  number  of  pelecypods  bore  into  wood  or  stone 
(Teredo,  Lithodomus,  Saxicava,  etc.),  leading  a  sedentary 
life  within  the  habitation  thus  formed. 

The  bivalve  molluscs  have  many  enemies  which  prey  upon 
them.  Not  the  least  of  these  are  the  carnivorous  gastro- 
pods, whose  depredations  ni*e  usually  marked  by  the  vast 
number  of  shells  with  round  holes  bored  into  them  which 
are  scatttTed  along  our  beaches.  Boring  sponges  will 
riddle  the  shells  of  littoral  species,  and  corallines,  Bryozoa, 
worms,  and  livdroids  will  attach  themselves  to  the  shells. 
There  is  abundant  evidence  in  the  7-iddled  and  punctured 
shells,  that  the  Pabeozoic  molluscs  were  subject  to  similar 
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attacks  of  boring  sponges  and  carnivorous  gastropods. 
When  the  animals  die,  their  valves  commonly  fall  apart,  and 
from  their  position,  and  the  character  and  direction  of  the 
waves  and  currents,  one  valve  may  'be  carried  shoreward, 
the  other  seaward.  This  explains  the  frequent  predomi- 
nance, along  the  shore  and  in  certain  local  portions  of  fossil- 
iferouH  beds,  of  one  valve,  the  other  being  often  entirely 
absent  or  at  least  very  rare. 

The  marine  pelecypod  normally  passes  through  n  mero- 
planktonic  larval  stage— the  Trochophore — in  which  the 
young  is  provided  with  a  velum,  furnished  with  vibratory 
ciliai  (veliger  stage).  At  certain  seasons  of  the  year  these 
ciliated  embryos  swarm  in  the  pelagic  district,  especially  in 
the  neighborhood  of  the  shores,  where  they  become  the  sport 
of  the  currents,  which  distribute  them  far  and  wide.  When 
they  finally  settle  down  on  the  sea  bottom,  upon  the  loss  of 
the  velum,  they  will  develop  further  if  they  reach  the  proper 
substratum,  other  conditions  being  favorable.  Vast  num- 
bers of  the  larvae  are  destroved  before  thev  reach  the  bot- 
tom,  serving  as  food  for  all  kinds  of  animals,  or  succumbing 
to  unfavorable  conditions,  and  vast  numbers  of  others  die 
from  falling  on  an  unfavorable  bottom.  That  most  species, 
nevertheless,  develop  to  the  fullest  extent  is  due  to  the  enor- 
mous fecundity  of  most  pelecypods.  As  an  extreme  exam- 
ple, may  perhaps  be  mentioned  our  common  northern  oyster, 
Ostrea  virp^iniaiui,  which,  according  to  Brooks,*  produces 
nine  millions  of  eggs.  In  fresh-water  pelecypods  the  niero- 
planktonic  veliger  larva  exists  in  one  species  only  {Dreissen- 
sia  poJfworjfhn),  which  is  said  to  have  migrated  from  salt 
to  fresh  water  in  recent  geologic  times.  (Lang.)  In  the 
other  fresh-water  pelecypods  the  development  proceeds  in  a 
different  manner  —  special  adaptations  to  special  modes  of 
life  being  met  with.  In  some  cases  (Pidium,Cyclas)  the  eggs 
develop  in  s]>ecial  brood-capsules  in  the  gills  of  the  mother, 
leaving  these  with  shell  fully  formed,  as  young  bivalves.  In 
these  genera  the  velum   remains  rudimentary,  the  animal 

♦Arch.  ZiOi')].  Experini,,  IX.,  p.  28. 
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passing  through  the  Trochophore  stage  within  the  gills  of  the 
mother.    In  the  Unionidae  the  embryo  passes  through  its 
several  stages  in  the  gill  of  the  mother,  leaving   it  with  a 
bivalve  shell,  which  is,* however,  furnished  with  a  triangular 
process  on  the  ventral  border  of  each  valve,  by  means  of 
which  the  embryo  attaches  itself  to  the  fins  (Anodonta)  or 
gills  (Unio)  of  fishes.    In  this  manner  the  animal  leads  a 
pseudo-nektonic  existence,  becoming  enclosed  by  the  rapid 
growth  of  the  epithelium  of  the  part  where  the  embryo  is 
attached,  and  leading  thus  a  truly  en  do-parasitic  life.     After 
several  weeks  the  embryo  has  become  transformed  into  a 
young  mussel,  which,  breaking  through  the  enclosing  tissue 
of  its  nest,  falls  to  the  bottom  of  the  water,  there  to  develop 
into  the  adult. 

Scaphopoda  and  Amphineura.— The  first  of  these  classes 
is  represented  by  the  Dentalidse,  the  second  by  the  Chitonidae, 
which  alone  are  important  palseontologically.  Both  are 
marine,  being  of  a  sedentary  benthonic  habit,  though  not 
permanently  attached.  Dentalium  lies  buried  in  the  mud 
and  sands  usually  at  great  depths,  while  Chiton  and  its 
allies  cling  to  stones,  shells,  etc.,  and  are  rare  in  deep  water, 
where  only  their  inore  archaic  representatives  occur.  A  few 
species  of  Dentalium  occur  in  moderately  shallow  water, 
but  most  of  them  live  below  the  hundred-fathom  line,  some 
reaching  a  depth  of  2,000  fathoms  or  more.  Chiton  seldom 
extends  below  500  fathoms.  In  both  groups  a  mero-plank- 
tonic  larva  occurs. 

Gastropoda, —  The  gastropods  are  typical  benthonic  ani- 
mals, inhabiting  the  sea,  fresh  water,  and  the  land.  They 
almost  invariably  belong  to  the  vagrant  benthos,  though 
the  degree  of  locomotion  varies  greatly  among  different 
species.  Among  the  exceptions  to  the  general  vagrant 
habit,  are  ^^ermetus  and  some  other  genera,  which  live  a 
truly  sedentary  benthonic  life,  being  attached  to  rocks  or 
shells.  Some  genera,  like  Capulus,  adhere  continually  to 
shells  and  the  tests  of  Echinoderms  and  Crustacea;  while  the 
limpets,  though  adhering  ])OwerfuIly  to  rocks  and  shells  by 
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the  muscular  foot,  are,  neverthele88,  in  the  habit  of  crawling 
about  in  search  of  food.  Swimming  and  floating  gastro- 
pods are  also  known,  the  latter  (Janthina,  Glaucus,  etc.) 
belonging  to  the  true  plankton. 

The  number  of  species  living  on  land  and  in  fresh  water  is 
relatively  small,  though  the  individuals  often  occur  in  great 
numbers.  The  sea,  however,  is  the  home  of  most  gastro- 
pods, though  some  marine  forms  can  live  in  fresh  water  as 
well. 

The  variety  of  form  and  coloration  is  exceedingly  great 
among  the  gastropods,  a  fact  which  can  easily  be  cor- 
related with  their  high  degree  of  cephalization  and  actively 
vagrant  life.  They  occupy  all  parts  of  the  sea,  being 
much  less  dependent  on  the  facies  of  the  sea  bottom  than 
the  pelecypods  are.  The  division  into  carnivorous  and 
herbivorous  forms  is  also  much  more  strongly  emphasized 
than  in  the  pelecypods,  which  live  largely  upon  the  plank- 
ton. 

The  shore  zone  is  occupied  by  a  number  of  species  which 
call  withstand  periodic  exi)Osure.  Many  of  them  require 
this  exposure,  and  will  invariably  crawl  to  the  surface  if  kept 
in  confinement,  even  if  the  water  is  kept  cool  and  well 
aerated.  Others  live  in  shallow  water,  even  if  stagnant, 
and  will  not  stand  a  long  exposure. 

The  majority  of  gastropods  are  shallow-water  forms, 
though  a  number  of  them  range  to  depths  of  between  1,000 
and  2,000  fathoms.  The  deep-sea  gastropods  are  character- 
ized by  faint  colors,  though  often  this  is  counterbalanced  by 
the  brilliancv  and  beautv  of  the  iridescence,  and  even  the 
non-iridescent  abyssal  species  give  out  **  a  sort  of  sheen  which 
is  wanting  in  their  shallow-water  allies.''  (Agassiz,  '88,  II., 
p.  63.)  The  coarse  ornamentation  by  knobs,  spines,  etc.,  so 
common  in  shallow-water  species,  does  not  occur  in  the  deep- 
sea  forms,  where  the  ornamentation  is  more  delicate,  though 
often  of  excjuisite  richness  and  beauty.  Gastropods  feed- 
ing on  vegetable  matter  are  wanting  in  the  deep  sea, 
where  no  vegetable  matter  occurs,  except  what  is  brought 
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.'U>  x.  ft  i%n  m'iWminxt,  The  food  of  deep-sea  raoUoses  is  larjcrely 
.*/>ri.firi^r^l  to  Moft-tiH8ued  animals,  since  thick  shells  and  other 
■r,^r4  firuiitVH  an;  generally  absent  in  these  depths.  Agassiz 
*?>j.i*#-*  that  the  I'leurotoniidie  outnumber  any  other  group  of 
^\^ AUtA4'--^.  ill  tin*  abyssal  fauna.  These  gastropods  are  ehar- 
Ai^ffi-tv/z^S  by  a  \\(>Ui\\  in  the  outer  lip  near  the  suture,  this 
t^v'}vtv^  iftv  i\\it  clJHchar^e  of  the  refuse,  thus  preventing  foul- 
v'.<j?  ''/  iU*t  wiiiitv  UH(»(1  for  respiration.  Some  of  these  are 
>»"'/' ^/U"'t  %\\\\  hollow  barbed  teeth  and  i>oison  fangs,  which 
'i',">  >*^'  1st  kill  their  prey.  This  apparatus  "is  even  more 
'.x,,,'  -vff/J  j/^<'fM5rally  developed  in  the  related  group  of  the 
<*yA,./\^'  U-'A  of  which  reach  any  great  depth.''*  A  few 
/.•.j-'rv^x/dij  an*  viviparous  {Paludina  rivipara^  Littorina 
/<  ,/;;^',     \fitAiU'\u\r,    their  young   in   an    advanced  state  of 

...  .',/  i,{\ V  ;«ll  I Im*  marine  gastrojwds  a  veliger larva  occurs, 
■  ,/;»  */<'ihpr  eofiuiioiily  large,  wing-like, and  fringed  with 
i  ;/,*".    tlatti  tuny  Ix?  retained  until  the  shell  is  long  past 
..    \->  vV/'//^^/  h  tiiti^t'.    While  in  most  marinegastrojKHls  the 
t  1<';mIh  a  inero-planktonic  existence,  some  marine 
i'  .r'/'tf:  HycotypUH)  and  the  oviparous  land  and  fro^h- 
A..  /«, .-^''/j/o'lh  pans  through  their  veliger  stage  within 
'.//  '-.u.-  iU*    lohing  the  velum  and  other  larval  organs 
;,..^r>^;^/  Iroia  the  capsule,  which  they  leave  as  young 
/.^^^-  ^/yy'-i-  v.  jili  'Ae|bd<fv«*lope<l  shells. 

•.♦  '  ..'-<'  tfi  \  \\i*  marine  forms  cite<l.  the  velum,  though  of 
I.',  uv  .v^--  .M  :'f'^f\iin\it\'  ortran  to  the  animal,  is  verv  lanre. 
t  :.'  ,r  v.-^  *fii\y  ia^i  before  the  embryo  leaves  the  egg-cap- 
r-^ii'  J'  >-<  » '<-irw  j;il  ;jnd  fresh-water  forms,  on  the  other 
lev.'  •  Ji*  » <  .  j}/j  jV  r<'<lueed  to  a  sin;rle  ring  of  cilia  or  to  two 
.,  u».  '  :jv<<J  j-Ue.ikK  1  Laii^.  11.,  p.  2o7l:  while  in  stuue 
t  .  M>?  i .;,:  .-'Kr;*  j<-*^  ji  jf<  wnutln^T  entirely.  It  is  obvious  that 
'.u»  . ..^' .;.,:'  f^^  <yj  ^j^-...i<>s  thus  rleprived  i>f  a  tempi^rary  jH*la- 
;z««  :il«  ?!...<-'  •♦<-  ijjore  j*'>t rictw].  other  things  lieing  t^pmi. 
'ii;ii.  ii:Mi  '/!  ^;H-''i<>*  lj;i\ijj;r  a  iV*^  veli^^r  Stage  of  grrtlter  or 
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Pteropoda.— The  pteropods  are  marine  ])lanktonic  mol- 
luscs, which  live  in  vast  numbers  in  the  pelagic  district, 
usuallv  at  some  distance  from  shore.  While  able  to  swim 
about  in  the  water,  thev  are  nevertheless  at  the  mercv 
of  waves  and  currents.  Their  food  consists  of  ])elagic 
organisms,  and  not  uncommonly  one  s|)ecies  of  pteropod 
will  prey  upon  another.  They  shun  the  light,  descending 
during  the  day  to  the  regions  of  per])etual  twilight  or  even 
darkness,  some  descending  as  low  as  700  fathoms.  Nearly 
all  the  shelled  pteropods  of  the  present  time  are  confined  to 
the  warmer  waters,  and  they  are  especially  abundant  in  the 
warm  ocean  currents.  A  veliger  larva  similar  to  that  of 
gastropods  occurs. 

Cf^phalopodn. — The  cephnlopods  are  marine  nektonic  or 
benthonic  molluscs,  inhabiting  water  of  moderate  depths. 
Swimming  is  accomplished  by  the  forcible  ejection  of  water 
from  the  hyponome,  and  probably  also  by  theuseof  thearms. 
Among  the  Dibi*anchiata  the  nmjority  of  Decapoda  (Squids, 
Calamarie8)are  active  swimmers,  usually  inhabiting  the  open 
sea,  but  appearing  periodically  on  the  coasts  in  great  shoals. 
They  live  mostly  on  small  fish.  The  Octopoda  are  less 
adaj)ted  to  active  swinmiing,  lying  usually  in  wait  for  their 
prey  on  the  sea  bottom  or  in  crevices  and  hollows.  The 
Argonauta  is,  however,  a  ])artial  exception  to  this,  for 
though  it  crawls  about  on  the  sea  bottom,  like  other  octo- 
pods,  it  is  often  met  with  swimming  near  or  at  the  surface, 
by  the  ejection  of  the  water  from  its  hyponome.  Argonauta 
is,  therefore,  like  other  cei)halopod8,  at  times  a  vagrant 
benthos,  at  others  a  nekton  —  inclining  perhaps  more  to  the 
latter,  as  do  most  of  the  decapods ;  while  other  octopods  are 
more  commonly  benthonic.  Among  the  less  active  deca- 
pods, Sepia  may  be  mentioned  as  more  normally  a  vagrant 
benthonic  form,  crawling  about  on  the  sea  bottom,  though 
able  to  swim  as  well.  A  sedentary  benthonic  cephalopod  is 
also  known.  This  is  Spiruhi,  which  attaches  itself  to  rocks 
like  an  Actinia  (Agassiz,  W^alther),or  lies  partly  bui'ied  in  the 
mud  with  its  beautiful  coiled  and  chambered  shell  whollv 


concealed  by  the  fleshy  y*arTs.  A  j^erfect  specimen  was 
dredg:ed  off  Grenada  in  tlie  Caribbean  by  the  "Blake/'  from 
a  depth  of  950  fathoms.* 

Spirula  would  seem  to  be  a  widely  distributed  form,  judg- 
ing from  the  occurrence  of  its  shell  in  almost  all  parts  of  the 
tropical  and  tenii)erate  seas.  The  animal,  however,  is  very 
rare,  only  one  specimen  with  soft  tissues  preserved  having 
been  obtained  by  the  ''Challenger"  expedition,  this  being 
tiiken  close  to  the  island  of  Banda,  in  360  fathoms  ("Chal- 
lenger" Xarrative).  Altogether,  i>erhaps,  only  about  half  a 
dozen  animals  with  the  soft  parts  preserved  have  been  ob- 
tained. The  wide  distribution  of  the  shell  of  Spirula  is  due 
to  the  fact,  that  after  the  death  of  the  animal  the  shell 
ascends  to  the  surface,  owing  to  the  air-filled  chambers,  and 
then  l)econiesa  ])art  of  the  plankton.  It  is  carried  hither  and 
thither  bv  the  currents  and  waves,  and  finallv  mav  i-each 
the  sea  bottom  in  regions  remote  from  its  original  home, 
and  l>e  buried  in  sediments  of  every  description,  and  under 
conditions  under  which  the  animal  never  existed.  Thus 
the  shell  of  Spirula  will  l)ecome  an  excellent  index-fossil, 
l>eing  widely  distributed  and  buried  in  all  kinds  of  sedi- 
ment. 

To  a  inore  restricted  degree  this  method  of  distribution  of 
the  shell,  after  the  death  of  the  animal,  occurs  also  in  Nauti- 
lus, the  only  modern  representative  of  the  tetra branchiate 
ct^phalopods.  The  animal  belongs  to  the  benthos,  living  in 
shallow  water  in  the  tropics.  Occasionally,  it  swims  near 
the  surfac(\  but  before  long  it  i^eturns  to  the  bottom,  where 
it  crawls  about  with  its  shell  upi>ermost,  feeding  on  tVusta- 
cea  and  other  animals.  On  the  death  of  the  animal,  the 
shell  mav  float  for  a  considerable  time  on  the  surface,  buoved 
u]»  by  \ho  air  in  the  chambers,  and  thus  it  will  be  carried  to  a 
gns-iler  or  less  distnnce  Ix^forc^  it  settles  to  the  bottom,  where 
it  will  In*  l>ni-i<Hl  in  all  kinds  of  sediment. 

Whni  i>  true  of  the  shells  of  Nautilus  and  Spirula  is  true  of 
llir>lM-ll  of  Sepin.  nnd  wns  un(loubt<Mlly  true  of  the  shells  of 
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Ammonites  as  well.*  In  fact,  we  may  even  believe  that  the 
shells  of  the  Ammonites  were  better  floaters  than  either 
those  of  Spirula  or  Nautilus,  for  these  two  genera  are 
retrosiphonate,  the  siphonal  funnels  passing  backward  and 
thus  giving  more  easy  access  to  the  water;  while  the  shells 
of  the  Ammonites  were  prosiphonate.  their  siphonal  funnels 
bending  forward  like  the  neck  of  a  bottle,  and  thus  making 
the  entrance  of  water  more  difficult.  This  conception  of  the 
planktonic  wanderings  of  the  shells  of  cephalopods  after  the 
death  of  the  animal  furnishes  a  satisfactory  explanation  of 
manv  anomalies  observed  in  the  occurrence  of  these  animals 
in  the  geologic  series.  It  accounts  especially  for  the  sudden 
appearance  and  disappearance  of  the  same  species  in  widely 
separated  localities,  irrespective  of  the  character  of  the  rock, 
or  its  normal  faunal  contents.  This  wide-spread  distribution 
of  these  shells  makes  them  excellent  index-fossils,  so  that 
even  small  formations  can  readily  be  correlated  by  their 
species  of  Ammonites,  even  though  widely  separated. 

It  does  not  follow,  of  course,  that  Ammonoid  shells  must 
always  be  regarded  as  strangers  which  have  drifted  to  their 
present  position.  In  fact,  it  is  often  easy  to  see  that  such 
has  not  been  the  case  in  any  particular  locality,  from  an 
examination  of  the  shells  themselves,  as  well  as  from 
extraneous  evidence.  Thus  Clarket  says  that  the  Amnio- 
noids  of  the  Na])les  beds  of  Western  New  York  ''  *  *  bear 
sufficient  demonstration  in  themselves  that  they  have  lived 
and  died  in  these  sediments."  Many  of  the  most  delicate 
shells  retain  their  apertures  unbroken,  and  their  surface 
ornamentation  uninjured,  a  fact  which  is  not  consistent 
with  wave  and  current  transportation.  The  presence  of  the 
young  in  all  stages  of  development  further  argues  for  an 
indigenous  occurrence.  ^^On  the  other  hand,"  says  Clarke, 
'^  there  are  excellent  reasons  for  regarding  the  prenuncial 
Intumescens  fauna,  that  of  the  Styliola  (Styliolina)  lime- 
stone,   as   due   to    transportation    from    some    adjoining 

♦  Walther,  '94,  p.  509  ;  '97,  p.  268,  et  seq. 
t  Naples  Fauna,  p.  185,  et  seq. 
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province  not  yet  known  to  us/'  The  Goniatites  of  this 
fauna  are  associated  with  the  milHons  of  planktonic  Stylio- 
lina,  with  floated  logs,  and  probably  other  pelagic  organisms, 
and  the  sediment  in  which  thev  were  embedded  was  such  as 
probably  was  not  conducive  to  the  well-being  of  such 
animals,  so  that  their  occurrence  is  best  explained  by  the 
hj^pothesis  of  flotation. 

Of  the  embryology  of  Nautilus,  and  hence  the  whole  group 
of  Tetrabranchiata,  nothing  is  known.  The  Dibranchiata 
develop  directly  within  the  egg  capsule,  no  veliger  stage 
occurring. 

Cirripedw. — The  cirripeds,  or  barnacles,  are  marine  seden- 
tary benthonic  Crustacea  which  have  degenerated  nmch  from 
the  true  type  of  crustacean,  owing  no  doubt  to  their  at- 
tached mode  of  life.  The  body  is  covered  with  calcareous 
plates  variously  arranged,  which  fall  apart  after  the  death 
of  the  animal,  after  which,  from  single  pieces,  it  becomes 
quite  impossible  to  determine  the  species,  owing  to  the 
great  variation  of  the  skeletal  pai'ts  (Darwin).  Balanus  and 
its  congeners  are  sessile,  being  attached  to  the  rocks  and 
other  solid  supports  along  the  shore,  seldom  venturing  into 
water  of  great  depths.  Some  species  areexposed  periodically 
at  low  tide  for  many  hours  at  a  time,  some,  in  fact,  being 
never  covered  more  than  one  or  two  hours  at  flood  tide,  so 
high  up  on  the  shore  do  they  attach  themselves.  Balanus 
has  been  found  at  a  depth  of  500  fathoms,  but  it  usually 
lives  in  lesser  depths.  Bahinus  hnprovisus  occurs  also  in 
brackish  water.  Coronula  diadema  leads  a  pseudo-nektonic 
life,  attaching  itself  to  the  body  of  whales.  Verruca  incerta, 
a  common  West  Indian  type,  occurs  in  the  Globigerina  ooze. 
Lepas  and  its  congeners  are  pedunculate,  attaching  them- 
selves by  a  fleshy  ])e(luncle,  which  represents  the  elongated 
head  end.  The  majority  of  the  Lepadid?p  are  pelagic,  lead- 
ing a  pseudo-planktonic  existence,  attached  to  floating  logs, 
pumice,  or  other  objects.  Thi'ee  species  of  Lepas  were  found 
by  the^Challengor''  attached  to  theSargassum.  Somemem- 
bers  of  this  family  descend   into    deep    wat^r,   ScaJpellum 
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re^iuuu  having*  been  dredged  by  the**  Challenger  "from  nearly 
3,000  fathoms.  These  abvssal  eirrineds  are  usually  at- 
taehed  to  nodules,  dead  or  living  shells,  corals,  large  Crus- 
tacea, to  spines  of  sea-urchins  and  other  objects.*  The  cirri- 
peds,  upon  hatching  from  the  egg,  pass  through  several 
larval  stages,  the  first  of  which  is  the  Nauplius  stage.  In 
this  the  body  is  unsegmented  with  median  frontal  eye, 
dorsal  shield,  frontal  sensory  organs,  and  three  pairs  of 
limbs.  After  a  series  of  moults  the  Cypris  stage  is  reached,  in 
which  the  larva  is  enclosed  in  a  bivalve  shell,  like  that  of  the 
Ostracoda.  During  these  stages  the  larva  belongs  to  the 
mero-])lankto7i.  When  it  settles  down  and  becomes  at- 
tached, it  passes  through  a  pui)a  stage,  during  which  the 
transformation  of  the  larva  into  the  cirriped  takes  place. 

Ostraroda. — The  ostracods  are  marine  or  fresh-water 
phmktonic  or  vagrant  benthonic  Crustacea,  whose  imper- 
fectly seo-mented  bodv  is  enclosed  in  a  bivalve  shell.  The 
majority  of  the  marine  forms  are  planktonic,  living  in 
shallow  water  or  moderate  depths,  though  a  few  species 
were  found  by  the  *' (challenger"  at  depths  exceeding  2,000 
fathoms.  Some  species  are  cosmopolitan,  and  the  order  is 
re])i-esente(l  in  nearly  all  waters.  Their  shells  occur  in  nearly 
all  the  bottom  deposits.  The  animals  are  also  abundant  on 
alga^,  over  which  they  crawl  slowly.  The  fresh-water 
Cypris  swims  about,  subject,  however,  to  the  influences  to 
which  other  members  of  the  i)lankton  are  subject,  or  crawls 
about  over  the  vegetation.  Cyj)ris  is  also  represented  in 
brackish  and  salt-water.  The  larva  of  Ostracoda  is  a 
pelagic  Xau])lius. 

Xiphosnni. — The  xiphosurans  are  represented  by  the 
single  living  genus  Limulus,  which  is  a  marine  vagrant 
benthonic  animal,  though  often  swimming  on  the  back 
when  young.  The  usual  habitat  of  this  animal  is  in  shallow 
water,  where  it  is  often  partly  buried  in  the  mud  or  sand. 
Portions  of  the  coast  are  often  strewn  with  the  cast-off 
exoskeletons  of  Liinulus,  which  commonly  lie  on  their  back, 

*  Agassiz,  *8H,  H.,  p.  50. 
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down  Hs  Rediment.  The  food  of  deep-sea  raollu8c*8  is  largely 
confined  to  noft-tissued  animals,  since  thick  shells  and  other 
hard  armors  are  generally  absent  in  these  depths.  Agassiz 
states  that  the  Pleurotomid^e  outnumber  any  other  group  of 
molluscs  in  the  abyssal  fauna.  These  gastropods  are  char- 
acterized by  a  notch  in  the  outer  lip  near  the  suture,  this 
serving  for  the  discharge  of  the  i-efuse,  thus  preventing  foul- 
ing of  the  water  used  for  i-espiration.  Some  of  these  are 
provided  with  hollow  barbed  teeth  and  poison  fangs,  which 
they  use  to  kill  their  prey.  This  apparatus  *'is  even  more 
fully  and  generally  developed  in  the  related  group  of  the 
ConidiP,  few  of  which  reach  any  great  depth.''*  A  few 
gastropods  are  viviparous  (Paludina  vivipara,  Littorina 
rudis),  producing  their  young  in  an  advanced  state  of 
development. 

In  nearly  all  the  marine  gastropods  a  veliger  larva  occurs, 
the  velum  being  commonly  large,  wing-like,  and  fringed  with 
cilia.  This  velum  may  be  retained  until  the  shell  is  long  past 
the  protoconch  stage.  While  in  most  nmrine gastropods  the 
veligor  larva  leads  a  mero-planktonic  existence,  some  marine 
forms  (Fiilgnr,  Sycotypus)and  the  oviparous  land  and  fresh- 
wnter  gastropods  j)ass  thniugh  their  veliger  stage  within 
the  egg  capsule,  losing  the  velum  and  other  larval  organs 
before  passing  from  the  cai)sule,  which  they  leave  as  young 
gastropods  with  well-developed  shells. 

In  the  cuse  of  the  marine  forms  cit(Ml,  the  velum,  though  of 
no  use  us  a  locomotor  orgaii  to  the  animal,  is  very  large, 
and  is  lost  only  just  before  the  embryo  leaves  the  egg-cap- 
sul(3.  In  terrestrial  and  fresh-water  forms,  on  the  other 
hand,  th(»  velum  is  reduced  to  a  single  i-ing  of  cilia  or  to  two 
luterul  ciliated  streuks  ( Lang,  II.,  ]>.  257);  while  in  some 
t(M-n*strial  species  it  is  wanting  entirely.  It  is  obvious  that 
tlu*  (list  I'ibutiou  of  species  thus  deprived  of  a  temporary  pela- 
gic lilV  must  i)e  more  restricted,  other  things  being  eipial, 
tlinu  lilint  of  species  having  a  free  veliger  stage  of  greater  or 
less  dui'at ion. 


*  AK'iHHi/-,  '«^^.  U..  p.  Oi;. 
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Pteropoda. — The  pteropods  are  marine  plank  tonic  mol- 
luscs, which  live  in  vast  numbers  in  the  pelagic  district, 
usuallv  at  some  distance  from  shore.  While  able  to  swim 
al)out  in  the  water,  thev  are  nevertheless  at  the  mercv 
of  waves  and  currents.  Their  food  consists  of  pelagic 
organisms,  and  not  uncommonly  one  species  of  pteropod 
will  prey  upon  another.  They  shun  the  light,  descending 
during  the  day  to  the  regions  of  perpetual  twilight  or  even 
darkness,  some  descending  as  low  as  700  fathoms.  Nearly 
all  the  shelled  pteropods  of  the  present  time  are  confined  to 
the  warmer  waters,  and  they  are  especially  abundant  in  the 
warm  ocean  currents.  A  veliger  larva  similar  to  that  of 
gastropods  occurs. 

Cephalopoda. —  The  cephalopods  are  marine  nektonic  or 
benthonic  molluscs,  inhabiting  water  of  moderate  depths. 
Swimming  is  accomplished  by  the  forcible  ejection  of  water 
from  the  hyponome,  and  probably  also  by  theuseof  thearms. 
Among  the  Uibranchiata  the  majority  of  Decapoda  (Squids, 
Calamaries)  are  active  swimmers,  usually  inhabiting  the  open 
sea,  but  appearing  periodically  on  the  coasts  in  gi-eat  shoals. 
They  live  mostly  on  small  fish.  The  Octopoda  are  less 
adapted  to  active  swimming,  lying  usually  in  wait  for  their 
prey  on  the  sea  bottom  or  in  crevices  and  hollows.  The 
Argonauta  is,  however,  a  partial  exception  to  this,  for 
though  it  crawls  about  on  the  sea  bottom,  like  other  octo- 
pods,  it  is  often  met  with  swimming  near  or  at  the  surface, 
by  the  ejection  of  the  water  from  its  hyponome.  Argonauta 
is,  therefore,  like  other  cephalopods,  at  times  a  vagrant 
benthos,  at  others  a  nekton  —  inclining  perhfips  more  to  the 
latter,  as  do  most  of  the  decapods ;  while  other  octopods  are 
more  commonly  benthonic.  Among  the  less  active  deca- 
pods, Sepia  may  be  mentioned  as  more  normally  a  vagrant 
benthonic  form,  crawling  about  on  the  sea  bottom,  though 
able  to  swim  as  well.  A  sedentary  benthonic  cephalopod  is 
also  known.  This  is  Spirula,  which  attaches  itself  to  rocks 
like  an  Actinia  (Agassiz,  Walther),  or  lies  partly  buried  in  the 
mud  with  its  beautiful  coiled  and  chambered  shell  whollv 
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concealed  by  the  fleshy  parts.  A  perfect  specimen  was 
dredged  off  Grenada  in  the  Caribbean  by  the  '^  Blake,"  from 
a  depth  of  950  fathoms.* 

Spirula  would  seem  to  be  a  widely  distributed  form,  judg- 
ing from  the  occurrence  of  its  shell  in  almost  all  parts  of  the 
tropical  and  temperate  seas.  The  animal,  however,  is  very 
rare,  only  one  specimen  with  soft  tissues  preserved  having 
been  obtained  by  the  *^ Challenger''  expedition,  this  being 
taken  close  to  the  island  of  Banda,  in  360  fathoms  (*Thal- 
lenger"  Narrative).  Altogether,  perhaps,  only  about  half  a 
dozen  animals  with  the  soft  parts  preserved  have  been  ob- 
tained. The  wide  distribution  of  the  shell  of  Spirula  is  due 
to  the  fact,  that  after  the  death  of  the  animal  the  shell 
ascends  to  the  surface,  owing  to  the  air-filled  chambers,  and 
then  l>ecomes  a  part  of  the  plankton.  It  is  carried  hither  and 
thither  bv  the  currents  and  waves,  and  finallv  mav  reach 
the  sea  bottom  in  regions  remote  from  its  original  home, 
and  be  buried  in  sediments  of  every  description,  and  under 
conditions  under  which  the  animal  never  existed.  Thus 
the  shell  of  Spirula  will  become  an  excellent  index-fossil, 
being  widely  distributed  and  buried  in  all  kinds  of  sedi- 
ment. 

To  a  more  restricted  degree  this  method  of  distribution  of 
the  shell,  after  the  death  of  the  animal,  occurs  also  in  Nauti- 
lus, the  only  modern  representative  of  the  tetra branchiate 
cephalopods.  The  animal  belongs  to  the  benthos,  living  in 
shallow  water  in  the  tropics.  Occasionally,  it  swims  near 
the  surface,  but  before  long  it  returns  to  the  bottom,  where 
it  crawls  about  with  its  shell  up]>ermost,  feeding  on  Crusta- 
cea and  other  animals.  On  the  death  of  the  animal,  the 
shell  may  float  for  a  considerable  time  on  the  surface,  buoyed 
up  by  the  air  in  the  chambers,  and  thus  it  will  be  carried  to  a 
greater  or  less  distance  tefore  it  settles  to  the  bottom,  where 
it  will  be  buried  in  all  kinds  of  sediment. 

What  is  true  of  the  shells  of  Nautilus  and  Spirula  is  true  of 
the  shell  of  Sepia,  and  was  undoubtedly  true  of  the  shells  of 

•  Agassiz,  'S»<,  n.,  p.  61. 
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Ammonites  as  well.*  In  fact,  we  mav  even  believe  that  the 
shells  of  the  Ammonites  were  better  floaters  than  either 
those  of  Spirula  or  Nautilus,  for  these  two  genera  are 
retrosiphonate,  the  siphonal  funnels  passing  backward  and 
thus  giving  more  easy  access  to  the  water;  while  the  shells 
of  the  Ammonites  were  prosiphonate.  their  siphonal  funnels 
bending  forward  like  the  neck  of  a  bottle,  and  thus  making 
the  entrance  of  water  more  difficult.  This  conception  of  the 
planktonic  wanderings  of  the  shells  of  cephalopods  after  the 
death  of  the  animal  furnishes  a  satisfactory  exphination  of 
manv  anomalies  observed  in  the  occurrence  of  these  animals 
in  the  geologic  series.  It  accounts  especially  for  the  sudden 
appearance  and  disappearance  of  the  same  species  in  widely 
separated  localities,  irrespective  of  the  character  of  the  rock, 
or  its  normal  faunal  contents.  This  wide-spread  distribution 
of  these  shells  makes  them  excellent  index-fossils,  so  that 
even  small  formations  can  readily  be  correlated  by  their 
species  of  Ammonites,  even  though  widely  sej)arated. 

It  does  not  follow,  of  course,  that  Ammonoid  shells  must 
always  be  regarded  as  strangers  which  have  drifted  to  their 
present  position.  In  fact,  it  is  often  easy  to  see  that  such 
has  not  been  the  case  in  any  particular  locality,  from  an 
examination  of  the  shells  themselves,  as  well  as  from 
extraneous  evidence.  Thus  Clarke t  says  that  the  Ammo- 
noids  of  the  Naples  beds  of  Western  New  York  **  *  *  bear 
sufficient  demonstration  in  themselves  that  they  have  lived 
and  died  in  these  sediments."  Many  of  the  most  delicate 
shells  retain  their  apertures  unbroken,  and  their  surface 
ornamentation  uninjured,  a  fact  which  is  not  consistent 
with  wave  and  current  transportation.  The  ])resence  of  the 
young  in  all  stages  of  development  further  argues  for  an 
indigenous  occurrence.  ^*0n  the  other  hand,"  says  Clarke, 
*' there  are  excellent  reasons  for  regarding  the  prenuncial 
Intumescens  fauna,  that  of  the  Styliola  (Styliolina)  lime- 
stone,   as   due   to    transportation    fi*om    some    adjoining 


♦  Walther,  '94,  p.  509  ;  '97,  p.  268,  et  seq. 
t  Naples  Fauna,  p.  135,  et  seq. 
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CHAPTER  IV. 
(jlossaky  of  Pal.^iontouxir'al  Terms. 

Aherrunt — differing  from  the  type. 

Acanthopores — hollow  spines  occurring:  between  the  aper- 

tiiies,  on  the  frond  of  a  Brvozoan. 
Adductor  muscles — the  closing  nuiscles  in  bivalve  shells. 
Agglutinate — firmly  united. 
Air-chamhers — the  chaml)ers  below  the  living  chaml>er  in 

the  shells  of  ( Vphalopods. 
-l/ar— pertaining  to  wings;    the  lateral  primary  septa   of 

the  Tetracoralla. 
Alate — having  wing-like  expansions. 
Atnhuhicval  areas — the  perforated  areas  in  the  test  of  an 

Echinodenn,  through  which  the  tubed  feet  project. 
Anastomosing  —  uniting  so  as  to  form  a  net  work. 
Anchyloscd — firndy  united;  grown  together. 
Annulus  —  n  ring;  a  segment  of  the  thorax  of  a  Trilobite. 
Anterior — front. 

Ajfojdnsis  —  a  calcareous  |)rocess  (in  interior  of  shells,  etc.). 
Affjwessed — ])r('ssed  closely  against. 
Arcuate — arched  ;  bent  like  a  bow. 
Articulated — joined   by  interlocking  processes,  or  by  teeth 

and  sockets. 
Auricle  —  the  (»ar,  or  antei'ior  projection  of  the  hinge  of  many 

Pelecvpods. 
Auricula  te  —  eai'cd. 
.l/r'''o//.v  — nnpninMl ;    the  a/.vgous  su\e  of   the  calvx  of   a 

(M'inoid   has   plates  differing  IVom   thos(»  of  the  regular 

sitl(»s. 
Axial  f'uri'invs  —  tiie   I'imm-ows  or  depressiotis  delimiting   the 

n\is  in  Trilobites. 
.l\/N  -  the  <M»ntral   i(>nu'it ndinal   division   of  the  bodv   of  a 

Trilobitr. 
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Basals — the  lowest  cycle  or  cycles  (in  forms  with  dicyclic 

base)  of  plates  in  the  Crinoidea. 
Beak — the  area  of  the  apex  or  initial  point  of  a  shell. 
Biconvex — both  valves  convex,  as  in  most  Brachiopods. 
Bi6d — split  in  two. 

Bifiircating — dividing  in  two, — forking. 
Biserial — with  double  series  or  rows. 
Brachial — pertaining  to  the   brachia  or  arms  of   Brachi- 

opods  or  Crinoids ;  one  of  the  arm  plates  of  Crinoids. 
Brachidium — the  calcareous  support  of  the  arms  in  Brachi- 

opods. 
Branchiae — gills. 

Bryozoum — the  whole  compound  colony  of  the  Bryozoa. 
Bulbiform — bulb-shaped. 
Byssal  notch — the  notch  or  opening  for  the  emission  of  the 

byssus  (supporting-threads   spun   by  the  foot)  in  the 

Pelecypoda. 

Callus — the  thickened  portion  of  the  inner  lip  of  Gastropods, 

which  usually  covers  portions  of  the  preceding  volutions. 
Calyx— {!)  the  cup  of  corals,  limited  below  by  the  septa; 

(2)  the  body,  exclusive  of  the  arms,  of  Crinoids,  Cystoids, 

and  Blastoids. 
Carapace — the  hard  shield  or  shell  of  Crustacea. 
Cardinal — pertaining  to  the  area  of  the  beak  in  Brachiopods 

and  Pelecypods. 
Cardinal  process — the  process  from  under  the  beak  of  the 

bra<;hial  valve  of  Brachiopods,  to  which  the  diductor 

(opening)  muscles  are  attached. 
Cardinal  quadrants — the  two  quadrants  of  a  Tetracorallum 

which  bound  the  main,  or  cardinal,  septum. 
Cardinal  septum  —  the  first  or  main  of   the  four  primary 

septa  of  a  Tetracorallum ;  the  cardinal  septum  has  the 

pinnate  arrangement  of  the  secondary  se{)ta  on  both 

sides. 
Cardinal  teeth — the  teeth  under  the  beak  in  the  Pelecypods; 

the  teeth  in  the  pedicle  valve  of  the  Brachiopods. 
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Carina — a  ])ro]ecting  ridge  running  down  the  center  of  the 

branches  in  some  Fenestelloid  and  other  Brvozoa;  the 

projecting  ridges  on  the  septa  of  Heliophyllurn  and  other 

corals. 
Cartila^ — the  compressible,  elastic  substance  between  the 

hinge-margins  of  the  valves  of  Pelecypods.     The  carti- 

higf}  is  the  internal,  the  ligament  the  external,  medium 

for  opening  the  valves. 
Cast — the  impression  taken  from  a  mold. 
Ceiluliferous— cell  bearing.      (Bryozoa   commonly    have   a 

celluliferous  and  a  non-celluliferous  side.) 
Ceplialic  limb — the  anterior   border  of   the  cephalon   of  a 

Trilobite. 
Cephnlou  —  the  head-shield  of  Trilobites. 
Cbveks—t\\Q  lateral  portions  of  the  cephalon  of  a  Trilobite: 

it  is  divided  into  fixed  and  free  cheeks. 
Clieilyrium — the  triangular  opening  under  the  beak  of  the 

brachial  valve  in  those  Brachiopods  in  which  that  valve 

is  furnished  with  a  hinge  area. 
Chilidium  —  the  covering  for  the  cheilyrium. 
Civ  a  trix  —  a  sea  r . 
Cincture  — a  depi-essioii  anterior  to  the  beak  in  the  shell  of 

s()in(*  lVleevpo(h\. 
Cirri — root-like  appendages  to  the  stems  of  Crinoids. 
Clavicle — a   heavy   internal  ridge  running  downward  from 

the  benk  in  some  Pelecy[)()ds. 
Coluniella  —  a  central  or  axillarv  rod. 
Composite  rorallum  —  a   compound    corallum   with    ecenen- 

chyma,     oi-    extrathecal    calcareous    tissue    connecting 

the   corallites.     (Ex.   Gnlaxia    and    many  other    i^ecent 

forms.) 
Comj}Otni(l  coralltun  —  made  up  of  corallites,  either  separate 

or  closely  joined  by  their  walls  (Ex.  Favosites). 
Concavo-convex  —  the  shells  of    Brachiopods  are  normally 

concavo-convex,  when  the  brachial  valve  is  concave  and 

the  pedicle  valve  convex;  reversed  or  resti/)inate,  when 

the  reverse  condition  obtains. 
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Confluent — blended  so  that  the  line  of  demarcation  is  not 
visible. 

Corallites — the  individual  tubes  of  a  compound  corallum. 

Corallum — the  calcareous  skeleton  of  a  single,  or  of  a  colo- 
nial, coral  stock. 

Corneo  us — horny . 

Costie— the  extrathecal  extensions  of  the  septa  of  the 
corals. 

Cost  ah — the  first   brachial  or  arm-plates  of  the  Crinoids 

lying  between  the  radials  and  the  first  bifurcation  of  the 

arms. 
Counter  quadrants— the  quadrants  bounding  the  counter 

septum  of  a  Tetracorallum. 
Counter  septum — the  front  primary  septum  of  the  Tetraco- 

ralla,  opposite  the  cardinal  septum  ;  the  secondary  septa 

are  parallel  to  it. 
Crenulated — notched,  so  as  to  produce  series  of  teeth. 
Crura — the  apophyses  to  which  the  braehidiumof  the  Brach- 

iopods  is  attached. 
Cuneate — wedge-shaped. 
Cynthophylloid—m  form  like  Cyathophyllum ;  one  of  the 

Tetracoralla. 
Cyst  —  a  closed  cavity. 

Delthyrium — the  triangular  fissure  under  the  beak  of  the 

pedicle  valve  of  the  Brachiopoda. 
Deltidial plates — the  two  plates  which  close  the  delthyrium 

in  the  higher  Brachiopoda  (Telotremata). 
DeJtidiuni  — the  single  covering  plate  of  the  Delthyrium  (also 

called  pedicle  plate). 
Dendroid — branching  after  the  manner  of  a  tree. 
Denticuhi  te — toothed . 

Denticulation — set  of  denticles  or  small  teeth. 
Dicyclic — with  two  cycles  of  basals;  applied  to  Crinoids. 
Diductor  muscles — opening  muscles  of  the  Brachiopoda. 
Discinoid —  resembling  Discina. 
Discoid —  disk-like. 
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Dissepiments — partitions;  the  intrathecal  connecting  plates 
between  the  septa  of  the  corals;  the  connecting  bars 
between  the  branches  of  a  Fenestelloid  brvozoum. 

Distal — situated  away  from  the  center  of  the  body. 

Distichals— the  second  series  of  arm-plates  or  brachials  of 
Crinoids,  situated  above  the  axillary  costals. 

Divaricators — the  opening  muscles  of  Bra^hiopoda;  also 
called  diductors. 

Dorsal — pertaining  to  the  back. 

Doublure — the  infolded  margin  of  the  cephalonof  a  Trilobite. 

Ear — the  anterior  cardinal  expansion  of  the  Pelecypod  shell. 
It  is  usually  smaller  and  more  distinctly  defined  than  the 
posterior  expansion  or  wing. 

Ectoderm — the  outer  cellular  body  layer. 

Emar^imite — with  a  notched  nmrgin. 

Emloderm — the  inner  cellular  body  laver. 

Endothecal — within  thetheca;  intrathecal;  used  for  corals. 

Epitheca — the  extrathecal  sheath  or  covering,  usually  wrin- 
kled, found  in  most  Tetracoralla  and  many  Hexa- 
coralla. 

Escutcheon — the  depression  behind  the  beak  of  the  Pelecypod 
shell. 

Exfoliate— ^ee\m^  off. 

Exothecal — same  as  extrathecal. 

Extrathecal — outside  of  the  theca  of  corals. 

Extroverted — turned  base  to  base;  applied  to  spirals  of 
Brachiopods. 

Fascicula  to — clustei*ed . 

Fenestrulc — the  open  spaces  between  the  branches  and  dis- 
sepiments of  a  Fenest(^lla  frond. 

Filiform  —  thread-like. 

Fimbria' — the  spines  or  lateral  prolongations  of  the  pleurae 
in  Trilobites. 

FlalwIInte — fan-shaped. 

Fold—iiu  elevation  on  the  surface  of  a  shell  (Brachiopoda). 
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Foramen — an  opening  oc  pore;  specifically  the  opening  for 
the  pedicle  in  the  pedicle  valve  of  the  Brachiopoda. 

Fo88ula — a  groove  in  the  calyx  of  a  coral,  usually  due  to 
the  abortion  of  a  septum. 

Frond — the  folia^eous  or  leaf-like  expansion  of  the  skeleton 
of  Bryozoa  and  other  organisms. 

Genul  spines — the  posterior  prolongations,  or  spines,  of  the 

free  cheeks  of  Trilobites. 
Gibbous — swollen  or  humped. 
Glabella — the  central,  most  prominent,  portion  of  the  Trilo- 

bite  cephalon,  bounded  by  the  fixed  cheeks. 
Gonopolyp — the  reproductive  polyp  of  Hydrozoa. 

Hexacoralla — a  class  of  corals  built  on  the  plan  of  six. 
Hinge  area — the  flat  area  bordering  the  hinge  line  of  many 

Brachiopods. 
Hinge  line — the  line  of  articulation. 
Hydrotheca — the  cup  enclosing  the  nutritive  polyp  in  the- 

caphore  Hydrozoa. 
Hyponome— the  water  tube,  or  squirting  organ,  of  squids, 

cuttlefish,  and  other  Cephalopods. 
Hypostoma — the  underlip  of  the  Trilobites,  usually  found 

detached. 

Imbricate — overlapping  serially. 

Implantation  —  planting  between,  as  a  new  plication  sud- 
denly appearing  between  two  older  ones. 

Inarticulate — not  articulating  by  teeth  and  sockets;  of 
Brachiopoda. 

Incised — cut  into. 

Infrabasals — the  lower  cycle  of  basal  plates  in  the  Crinoids 
with  dicvclic  base. 

/fl^/idiV;  77 //7br/?3 —funnel-shaped. 

Inosculating — connecting,  so  as  to  have  intercommunica- 
tion. 

Interambulacral— between  the  ambulacra. 
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Interapertunil — between  the  apertures. 

Interbrachials — the  plates  in  the  calyx  of  a  Crinoid,  lying  be- 
tween the  brachials. 

Intercalation — irregular  interposition. 

Intercellular — between  the  cells  or  meshes. 

Interdistichals — the  plates  in  the  calyx  of  a  Crinoid,  lying 
between  the  distichals. 

Interradials— the  plates  in  the  calyx  of  a  Crinoid,  lying 
between  the  radials. 

7/3 ^er,s'^iY/a/— pertaining  to  an  intervening  space;  between 
lines,  plications,  etc. 

Intrathecal — within  thetheca;  endo-thecal. 

Introverted — turned  apex  to  apex;  ai)plied  to  the  spirals  of 
Brachiopods. 

Keel — a  strong  central  carina  or  ridge  (Tseniopora). 

La  cry  mi  form — tear-form ;  drop  -  shaped  —  pear-shaped  in 
form,  but  without  the  lateral  contractions. 

Lamellose — made  up  of  lamelh^. 

Lateral  gemmation  —  a  budding  from  the  sides,  as  in  some 
corals. 

Ligament — the  external  structure  for  opening  the  valves  in 
the  Pelecypoda. 

Limb  —  the  lateral  area  or  marginal  band  of  the  cephalon  of 
Trilobites  on  either  side  of  the  glabella,  corresponding  to 
a  pleiiron  of  the  thoracic  region. 

Linguiform  —  tongue-sha  ped . 

Lingiiloid — tongue-shaped;  like  Lingula. 

Lip  —  the  margins  of  the  aperture  of  univalve  shells. 

Listrium  —  the  depressed  area  surrounding  the  pedicle  open- 
ing in  the  pedicle  valveof  Orbiculoideaand  other  discinoid 
Brachiopods. 

Lobes — the  backward  bending  portions  of  the  suture  of 
Ceplialopod  shells. 

Lopliophore— the  ciliated,  or  tentaculated  oval  disk  of  Br}"- 
ozoa;  the  oval  disk  and  brachia  of  Brachiopods. 
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Liinuriiim  —  a  more  or  less  thickened  portion  of  the  posterior 
wall  of  the  cell  in  many  Palaeozoic  Bryozoa,  which  is 
lunate  or  curved  to  a  shorter  radius,  and  usually  projects 
above  the  plane  of  the  cell  aperture. 

Lunule — the  depression  in  front  of  the  beak  of  Pelecypod 
shells. 

Macerate — softening  and   disintegrating   by  immersion  in 

water. 
Macuhe — irregular,  usually  depressed,  areas  on  the  cellulif- 

erous  face  of  a  Bryozoan  frond,  which  are  free  from  cells, 

or  otherwise  differentiated. 
Mesial —  oen  tral . 
Mesoghta — the  central,  non-cellular  layer  in  the  body  of 

(\elenterates. 
Meso-pores — irregular  meshes,  or  cysts,  on  the  mtercellular 

spaces  of  certain  Bryozoa. 
Mesotheca—a  median  wall  separating  opposed  cells  in  cer- 
tain Brvozoan  fronds. 
Mold — Any  impression  of  a  fossil,  in  rock  matrix,  whether 

external  or  internal. 
Moniliforin  —  resembling  a  necklace  or  string  of  beads. 
A/o/i^ic?7/e.s— elevated  areas  on  the  surface  of  certain  coral  and 

Bryozoan  colonies,  commonly  carrying  larger  apertures. 
Mucronate — produced  into  a  long  pointed  extension. 
Mural  pores — the  pores  in  the  walls  of  the  corallites  of  the 

Favositidai. 

A'acreows— pearly ;  the  nacreous  layer  of  shells  is  the  inner 

smooth  pearly  layer. 
Nasute — projecting,  nose-like. 
Node — a  knob;  usuallv  considered  as  ornamental. 
Nodose — bearing  nodes  or  tubercles. 

ObconiCiil —  invei-selv  conical. 

Occipital — applied  to  the  posterior  part  of  the  cephalon  of 
a  Trilobite. 
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Occipital  furrow — the  transverse  groove  on  the  cephalon  o( 
Trilobites,  which  separa  X.^h  the  last,  or  occipital,  ring  from 
tbe  rest  o!  the  cephnlon. 

Oceipits!  ring — the  posterior  ilivisioti  of  the  glabella  of  a 
Trilobite  cephalon. 

Operculiforin  —  i-enemblinj];  an  operculum. 

Operculum — a  lifl  or  cover. 

Pallia!  line — the  line  on  tiie  interioi'  of  the  shell  iif  molluscs, 

marking  the  attachment  of  the  mantle, 
Pallial  finaa — the  reentrant  angle  in  the  pallial  line,  usually 

at  the  posterior  end  of  the  shell  of  Pelecypodw :  it  miirke 

the  attHchment  of  the  siphon  muscles. 
Pa/mars — the  third  seriesof  brachial  plat«s  of  the  Crinoidea, 

lying  above  the  axillary  distichals. 
Puiumte — paJni -shaped. 
Palpebml  Jobes — the  supra-orbital  extfinsions  from  the  fixed 

cheeks  of  Trilobites. 
Papillose — eovereil  with  paplllfe  or  fine  projections. 
Panib/ti^als — the  second  cycle  of  basal  plates  in  Crinoids, 
Pedicle — the  fleshy  jieduncte  or  stem  used  for  attachment  in 

the  BrH(.hio]ioda. 
Periderm  —  the  outer  chit inous  covering  of  Hydrozoa. 
Periostracutn — the  epidermis  or  outer  organic  coating  of 

shells. 
Peristome — the  margin  of  an  aperture,  /.  e.,  the  mouth  of  a 

univalve  molluscan  shell,  the  mouth  of  a  Bryozoan  cell. 

etc. 
,  Peritliecti  —  the  epithecal  covering  which  surrounds  a  colony 

of  Corallites,  i.  e.,  a  compound  corallum. 
P/Hufes— the  finest  divi    ans  of  the  arms  of  Crinoids. 
^Piano-i'onvfX—-  tn  Bruchioiiods.  with  the  peilicle 

f"  valve  Hat. 

''■■>    thoracic    rings   of 


I-  Bryoioau, 
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Post-pabnam — all  the  plates  superior  to  the  axillary  pal- 

marH  in  the  arms  of  Crinoids. 
ProliferouH — reproducing^  buds  from  the  calyx, 
Protoconcli — the  embryonic  whell  of  a  cephalous  molluscan. 
Pseudo-columeUa — false  columella  in  corals,  formed  by  a 

twistin;?  of  the  septa. 
Pseudo-dnltidiuni  —  False  deltidium(.S)3;Wif'r),  formed  by  union 

of  the  two  deltidial  plates. 
Pseudo-septa — septa-like    ridges    of    Chaetedes,    etc.;     the 

projecting  ends  of  the  lunaria  in  the  cells  of  certain 

Bi-yozoa. 
Piistalostf — bearing  pustules  or  projections. 
Pj-gidiiim — the  posterior  or  tail-portion  of  the  carapat-e  of 

Trilobites. 
Piriform — penr-8hai)ed. 

Quadrifid — cut  into  four  points. 
Quadrilobatf^—h^arm^  four  lobes. 

Raehis — the  central  stem  of  a  frond  in  Bryozoa,  etc. 
RadiRh — the  main  plates  of  the  calyx  of  a  Crinoid,  resting 

on  the  para-basals,  and  alternating  with  them. 
Radii — the  ribs  or  striations  diverging  from  the  beak  of  a 

shell. 
Ramose — branching. 
Reticulated —hke  a  network, 
Retral — backward. 

RhjnchoneUoid — resembling  Rhynchonella. 
Rugoaa — an  old  name  for  the  Tetracoralla. 


« — the  forward  bending  portions  of  the  suture  in  the 

shells  of  Cephalopods. 
Scalie — small  transverse  plates  in  the  genus  Unitrypa  of  the 

Bryozoa  (which  see). 
Scalariform—titmv  or  ladder-shaped. 
Stderendtyma—the  calcai-eous  tissue  deposited  by  the  coral 

polyps. 
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Septum — a  partition;  in  corals,  the  radiating  calcareous 
plates ;  in  Cephalopods,  the  transverse  partition  between 
the  chambers. 

Se^/iferowfir— bristle-bearing. 

Sigmoid — curved  like  the  Greek  letter  9  (sigma). 

Sinuate — wavy,  windhig. 

Sinus — an  impression  in  the  surface  or  margin  of  a  shell. 

Siphonal  funnel — the  siphonal  projection  from  the  septum 
of  a  Cephalopod  shell. 

Siphonal  lobe — the  lobe,  in  the  suture  of  an  Ammonoid  shell, 
corresponding  in  position  to  the  siphuncle. 

Siphuncle— the  tubular  canal,  passing  through  the  air- 
chambers  in  the  shells  of  Cephalopods. 

Spatulate — shaped  like  a  spatula;  spoon-shaped. 

Spinulose — spine  bearing.  / 

Sub — in  composition  indicates  a  low  degree :  sub-angular — 
rather  angular;  sub-carinate — somewhat  toothed, etc. 

Sulcus — a  furrow. 

Suture — in  Cephalopods  — the  line  of  juncture  between  shell 
and  septum,  seen  on  breaking  away  the  former;  in 
Gastropods — the  external  line  of  juncture  between  the 
several  whorls;  in  Trilobites — the  dividing  line  between 
fixed  and  free  cheeks,  commonly  called  facial  suture; 
in  Crinoids  —  the  line  of  juncture  between  adjacent 
plates. 

Tabulie — the  transverse,  continuous  partitions  or  floors  in 

corals,  etc. 
Tegmen—the  vault  or  cover  of  the  calyx  in  Crinoids. 
Terebratuloid — like  the  recent  genus  Terebratula. 
Te-s'^— shell. 

Tetrameral — on  the  plan  of  four. 
Theca — the  proper  wall  of  the  individual  corals. 
Thorax — the  central  part  of  the  bod}'  of  the  Trilobites. 
Trabecule — projecting  bars. 
Trigonal —  three-angled . 
Trihedral — with  three  equal  faces. 
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Tripartite — divided  into  three  parts. 
Turbinate — top-shaped. 

Umbilicus — the  external  opening  of  the  hollow  axis  of  a 

loose  coiled  shell. 
C/ynfto— the  area  about  and  including  the  beak  in  Pelecypods 

and  Brachiopods. 

Varix — a  row  of  spines,  a  ridge  or  other  mark,  denoting  the 
former  position  of  the  lip  on  the  shell  of  a  gastropod 
(PI.  varices). 

Ventral — pertaining  to  the  lower  side,  or  venter. 

Ventricose — strongly  swollen,  or  bulging. 

Vesicular — bearing  vesicles,  or  hollow  cavities. 

Vestibular  area — the  area  surrounding  the  cell  apertures  of 
some  Bryozoa;  often  depressed. 

Wborl — a  single  volution  of  a  coiled  shell. 
Wing — the  posterior  larger  expansion  along  the  hinge  line 
of  a  Pelecypod. 

Zoarium — the  aggregates  of  the  polypites  of  a  Bryozoan 

colony. 
Zooecium — the  Bryozoan  cell. 
Zooid — one  of  the  *' persons'*  or  individuals  of  a  zoarium. 
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Heliophyllum  confluens , 59,   126 

Heliophyllum  halli 30,   124 

Hipparionyx  proximus  .  xix 
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Paracyclas  lirata 265 
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Platyceras  erectum 272 

Platyceras  symmetricum 278 

Platyceras  thetis 272 

Platycrinus  eriensis 144 

Platyostoma  lineata 32,  274 

Platyostoma  lineata,  var.  sinuosa 274 

Plethomytilus  oviformis 31,  248 

Pleurodictyum  stylopora 58,  61,  76,  103,  104,   181 

Pleurotomaria  capillaria 279 

Pleurotomaria  itys ....*. 278 

Pleurotomaria  itys,  var.  tenuispira 279 

Pleurotomaria  lucina 278 

Pleurotomaria  lucina,  var.  perfasciata. 278 

Pleurotomaria  planidorsalis 279 

Pleurotomaria  rugulata 280 

Polygnathus  crassus 155 

Polygnathus  cristatus 156 

Polygnathus  dubius 158 

Polygnathus  linguiformis 157 

I'olygnathus  nasutus 155 

Polygnathus  palmatus 157 

Polygnathus  pennatus 1 56 

Polygnathus  princeps 155 

Polygnathus  punctatus 157 

Polygnathus  sol idus 1 55 

Polygnathus  truncatus 1 56 

Polygnathus  tuberculatus 156 

Polypora  multiplex 1 62 

Pori t  es  limosa 344 

Primitia  semin uluni 808 

Primitiopsis  punclulifera 36,  804 

Prioniodus  abbrcviatus 1 50 

Prioniodus  aciculat us 151 

Prioniodus  (?)  alatus 158 

Prioniodus  angularis 151 


401 

Pace, 

Prioniodus  armatus 162 

Prioniodus  clavatus 151 
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Pterinopecten  conspectus 248 
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Pterinopecten  undosus. 244 

Ptylodictya  plumea 176 

Reptaria  stolonifera 178 

Reteporina  striata 161 

Rhipidomella  cyclas (U),  1 92 

Rhipidomella  idoneus 191 

Rhipidomella  leucosia 00,  1S9 
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Stictopora  palmipes 174 

Stictopora  permarginata 174 
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Stropheodonta  plicata 79,  200 
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Styliolina  spica 288 

Stylophora  pistillata 344 
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Verruca  incerta 360 
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